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PREFACE. 



The Author has long felt in the course of his duties as 
Lecturer on Chemistry the anomalous position of a master 
who had to employ for something important in the science 
an expression to which he could not assign any definite 
meaning. This has been the case with the term * acid.' 

As all manuals in general use gave the word acid freely 
and promiscuously, it was found impracticable to do away 
with the term while these books sanctioned its constant 
application. 

The requirement of a small book of * notes on the 
metals,' for the pupils at Brighton College, has been taken 
advantage of to ascertain how far the writer's views are 
correct. They are these: 1. The term acid is not neces- 
sary in teaching chemistry. 2. Clearer and more accurate 
views on chemical subjects will be instilled into the minds 
of beginners without it than by using it as is done at 
present in most class-books and classes. 3. Its employ- 
ment, even in the most limited degree, without assigning 
to it a definite meaning, is improper, since it leaves only a 
hazy idea of what is intended, where clearness is one of 
the first objects to be, if possible, attained. 

The term *acid' is therefore net applied in these notes. 



VI PREFACE, 

Some information, it may be thought, might have 
been omitted, and much more of what is considered 
essential substituted with advantage. The work, however, 
has already exceeded the limits originally intended, and 
indulgence is claimed for the very great diflSculty of ex- 
pressing new views in a simple and condensed form. 

The references in the text (see G. K p. ) are to the 
second edition of the Author's ' Chemical Notes.' 

T. W. 



Labora-toby : 23 Grovb Stbeet, Lisbon Gbovb, N.W. 

September 29, 1868. 
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NOTES 



METALS. 



PHYSICAL PROPERTIES OF THE METALS. 

k 3^ METALS are far more numerous than the non-metale, 
I being about 50 in number. [See p. 2.) Although they 
' differ widely from one another in their chemical and 
■physical properties, yet they possess certain peculiarities 
a common, both with each other and with the non-metals, 
fndering it extremely difficult to make any dear and 
atiafactory classification of them. (See Chemical Notes, 
I. 24, second edition.) 
The following are the principal characteristic physical 
properties belonging to the metals : — 

tl. Metallic Lusthe. — Al! metallic substances, after 
ay have been melted and polished, possess in a high 
gree that peculiar property of reflecting light, called 
itallic lustre. Some non-metallic bodies, as iodine, 
aphite, &c. also poaseaa considerable lustre, but not in 
marked a degree as the metals. 
I 2, CoLOCn. — There is a great similarity in the colour 

reflected by the different metals, which, with few excep- 
tions, varies only between the white of silver, the grey of 
ron, and the bluish colour of zinc and lead. The excep- 
: copper, which is the only red metal ; gold, which 
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LIST OF THE METALS. 



Common Metalb. 


i 

1 

Li 

Na 
Mg 
Al 


Combining 
weight. 


S. g. 


Babb Mbtam. 


! 


Combining 
weight. 


S. g. 


Lithium . 

Sodium (Natrium) . 

Magnesium 

Aluminium 


7 
23 
24 
27 


0-69 
0-97 
1-74 
2-6 


G-lucinum orl 
Beryllium j 

Yttrium . 

Erbium . 


Be 


7 


21 


Fotassiimi ^ 
(Kalium) . / 


K 


39 


0-86 


Terbium . 
Norium . 








Calcium . 


Ca 


40 


1-58 


Titanium 


Ti 


25 




Chromium 


Cr 


62-5 


6*8 


Zirconium 


Zr 


33-6 




Palladium 


Pd 


63-2 


11-4 


Molybdenum . 


Mo 


46 


8-6 


Manganese 


Mn 


65 


800 


Cerium . 


Ce 


47 




Cadmium 


Cd 


65-7 


8-6 


Lanthanum 


La 


47 




Iron (FemNn) 


Fe 


56 


7-84 


Didymium 


D 


48 




Cobalt . 


Co 


59 


8-95 


Kuthenium 


Bu 


51-7 


11-4 


Nickel . 


Ni 


59 


8-80 


Bhodium 


B 


52-2 


12 


Copper (Cuprtm) . 


Cu 


63-5 


8-95 


Thorinum 


Th 


59-5 


« 


Zinc 


Zn 


65 


700 


Uranium . 


U 


60 


18-4 


Arsenic . 


As 


76 


5-80 


Vanadium 


V 


68-5 




Strontium 


Sr 


87-5 


2-54 


Kubidium 


Kb 


85 


1-52 


Silver (Arffentum) . 
Tin (Stannnm) 


Ag 
Sn 


108 
118 


10-50 
7-30 


Tungsten orl 
Wolfram 


W 


92 


17-6 


Antimony (Stibium) 


Sb 


122 


6-70 


Niobium or 1 
Columbiumj 


Nb 


94 




Barium . 


Ba 


137 


400 


Lidintn . 


L- 


98*7 


211 


Gold (Aurum) . 


Au 


197 


19-30 


Osmium . 


Os 


99-5 


21-4 


Platinum 


Pt 


198 


21-50 


Tellurium 


Te 


129 


6-66 


Mercury (Ht/drar-') 
gyrum) . / 

Lead (HuTnbum) 

Bismuth . 


Hg 

Pb 
Bi 


200 

207 
210 


13-60 

11-40 
9-80 


Csesium . 
Tantalum 
Thallium 


Cs 
Ta 
Tl 


133 
172 
204 


11-9 
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) bright yellow; aad calcium and barium, which are 
tell o wish. 

I Many metals, when in a fine state of division, lose the 
Jower of reflecting light, and appear as rfait powders, 
■bicb, however, on being strongly pressed together and 
mmished, resume their characteristic lustre, 
3. OPAOiTr (from opacUaa, darkness). — The metala are 
markable for their power of presenting the passage of 
[ght, since the thinnest leaves of metal entirely cut off 
^e rays of Hgiit, and thus are classed amongst the most 
tque substances. Tbere is, however, one exception to 
we above rule in the metal gold, which, in very thin leavefi 
f not more than the to-oVto "^ '"^ ^'^'^^ thick, allows gieen 
Ight to pass through it. ' 

I 4. Hardness, — There is a very wide difference in the 
U-dness of the several metals, and in the same metal 
Inder altered circumstances. Thus most of the metals 
! Bolide at the ordinary temperature of the air; one 
petal, however, is a liquid, namely, mercury or quick- 
alver (Hg); and could H he condensed to the liquid or 
did form, it would most likely, judging from its chemical 
properties, appear as a metal, thus adding a gaseous metal 
to the list. Again, iron may he made so soft as to be sawn 
with ease by a steel saw, or, as steel, so hard as to scratch 
Potassium is a metal so soft that it can be kneaded 
Jetween the fingers like putty, and lead may be cut with 
K pocket-knife. 

1 Elastioily and sonoroaanees are properties belonging to 
my of the harder metals and their compounds. The 
■ell known elasticity of steel renders it peculiarly ap- 
sable for the construction of springs; and the ring of 
good coin is proverbiaL 

5. Malleabilitt (from malleus, a hammer) is the 
^ffikpability of being spread out, and forming thin leaves or 
^Beeta, when hammered or rolled; e.^. gold is the most 
WmaUeahle of all the metals, for it cau be be,'d.t%^ ws.t 



NOTES ON METALS. 



bre^^ 



with a bammer until a Equare foot weigbe lees than tbi 

1 the opposite to malleability, as it is 
the property of breaking into smaller pieces when Lam- 
mered ; e.g. tbe most brittle metals, antimony and arsenic, 
may be powdered in a porcelain mortar. Zinc is a metal 
whicli stands midway between tbe brittle and malleable 
metals; for when cotd it is brittle, but when slightly 
heated may be rolled into sheets, and as sheet-zinc is 
used for roofing bouses. 

7. Ductility (fvora duco, I draw, I lead) la the capa- 
bility of being drawn out into wire. It is intimately 
connected with the property of malleability; but gold, 
although the most malleable metal, is not the most ductile, 
for platinum is quite equal to it in this respect. A gold 
wire and a platinum one have both been drawn to the 
jo^po ^^ ^'^ ^^"^^ ^^ thickness. 

8. Tenacity (from tenax, holding fast) is intimately 
connected with ductility, and is the power of a wire to 
support a weight or withstand a strain, It is found that 
wires of cobalt and iron are the moat tenacious, and that 
lead is amongst the least, iron being 26 times as tenacious 
as lead. 

Tbe properties of hardness, malleabilitj, brittleness, 
ductility, and tenacity are greatly dependent upon the pro- 
cesses of annealing (from on, and wlan, to burn) — that is, 
heating a substance to dull redness, and allowing it to cool 
slowly, thereby rendering it less brittle; and pressure, 
either between rollers or by hammering, which greatly 
aflfects these properties. 

9. Specific Gravity or Density (s.g.).^A remarkable 
difference exists between tbe compai^ative weights of the 
several metals, The liquid called mineral -naphtha, in 
which some of the metals are kept to protect them from 
theactionof the atmosphere, is lighter than water, and eon- 

eequently swiruB on it. Lithium, the lightest metal known, 
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Bwims when placed in such naphtha. The metal potas- 
b-um sinki! in naphtha, but will swim on the surface of 
Kffater. Iron, as is weU known, will sink in water, but 
Bwims if thrown iipon mercury; while platinum is nearly 
■wicG aa dense as mercury. 

■ The 8.g. of water is always taken as 1-000. Then the 
B.g, of lithium is found to be 0*590 — that is, a piece of 
Eithium is only rather more than half the weight of a 
Wpiece of water its own size. The metal platinum has a 
Bi.g. of 21*500 — that is, it weighs twenty-one and a half 
plimes as much as a piece of water of its own size. 

K 10. Fdsibility {{Tom/undo, I pour out), or the quality 
Ifif being converted from the solid to the liquid state by the 
■Implication of heat, is possessed by all the metals. The 
■ttielting point, or point of fusion, however, of the several 
Kietals varies greatly. Thus mercury is liquid much below 
Kibe freezing point of water. Potassium melts below the 
Hmiling point of water. Cast iron cannot be melted in 
H^e fire of a smith's forge; and, indeed, platinum refuses 
Bo melt in a furnace where cast iron runs like water, 
H&d only yields to the intense heat of the oxyhydrogen 
fcowpipe flame. (See C. N. pp. 5 and 6; also p. 106.) 
Hk)me metals possess the very valuable peculiarity of be- 
BlDmingiWhea heated, soft and pasty before they melt, and 
■b this condition are capable of being welded (from welUn, 
B)D join) — that is, two or more pieces, if placed together, 
Hod Btnick with a hammer, unite completely to form one 
H|Eece. This is particularly the case with iron and platinum, 
Hcd is one of the reasons why iron is more extensively and 
Generally used than any other metal. 
^E Many metals, and especially when cooling from the 
Hquid state, form well defined crystals, which are generally 
^nbioal. 

V H. Volatilisation (from volo, I fly), or the capability 
H>f being converted into the state of vapour by heat, is be- 
H|eTed to be possessed by every metal", ttie ^jiisvgei^'u'S-w , 
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however, at which some of them volatilise is far too high 
to be ascertained by our present instruments. Some of 
them, however, volatilise at a comparatively low tempera- 
ture, and allow themselves to be distilled with ease, as is 
the ease with mercury, which forms a colourlpss and trans- 
parent vapour at .150° C. {662° F,); potassium, which forma 
a green vapour at a red heat; zinc and others. Arsenic 
is peculiar, because at ordinary pressure it does not melt 
before it volatilises ; therefore, to melt arsenic it must be 
heated under pressure. 

12. CONDDCTION OK HbAT AND ElECTBICITT. — Of all 

bodies, t!ie metala, as a class, are tlie best oonductorH of 
heat and electricily ; their relative powers of conduction, 
howevir, vary very considerably, but, as a rule, the best, 
conductors of heat are also the best conductors of electricity. 
Let silver, the best conductor, be represented by 100, 
then : — 



Silver 
Copper 



Mogneaiun 
Zinc . . 
Cadmium 
Pallaaium 



. 77 '06 
. 5e-06 
. 4117 



Platinum 
Cobalt 

Nickel 
Tin . 

AreBtiic 
Antjinooy 



13. Smei-l and Taste. — The metals possess little sm 
hut certain of them, as iron anil copper, emit whf 
rubbed an odour peculiar to themselves, and arsenic wIm 
volatilised smells like garlic. 

The peculiar astringent flavour of many of the sola^ 

compounds of the metals is known as the metallic U " 

All metallic compounds, however, do not possess a metallic 
taste ; some, as common salt (NaCI), although metallic 
compounds, have a ealine taste. 
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COMPOUNDS OF THE METALS. 

Thb metals combine— 

lat. With metals to form AUoyH. 

2nd, With the non-metals to form Metallic Salts, as 
Osides, Sulphides, Chlorides, &c. 

L ALLOYS. 
(From ail, to, and liya, I bind.) 

Any compound formed by the union of two or more 
tnetals is called an alloy unless mercury is present, when 
the compound receives the name of an amalgam (from 
p^Xaaom, I soften). 

Many alloys are in common use, as brass, a compound 
of copper ^Cu)and zinc(Zn); bronze, an alloy of copper 
and tin (Sn). They are commonly formed by melting 
the metals together in the requisite proportions. Alloys 

)Bsess a metallic appearance, but may entirely differ in 

■operties from one and all of their components, e.g. 

I alloy may be more fusible than any of ita components. 

lee C. if. p. 7.) Some metals refuse altogether to alloy 
ihemselves with certain others; again, there are metals 
irhich will only dissolve in or alloy themselves with others 
bi a limited degree ; while others appear to be capable of 
alloying themselves with particular metals in any propor- 
tion. In many instances alloys are definite chemical 
compounds ; their combinations are, however, only slightly 
held together by the chemical force, and in this respect 
show a marked contrast to the compounds of the non- 
metals with the metals. 

IL METALLIC SALTS. 

There ia a great visible distinction between Salts and 
lloys. In the salts of the metuls tbe. s;W\wA.«r\^v!.__ 
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metallic properties of the metal are generally quite lost, 
as in the case of common salt (NaCl), which contains the 
beautiful silver white metal called sodium (Na). Further, . 
salts may he possessed of colour, taste, smell, or almost any 
conceivahle property and peculiarity. They may be poi- 
sonous or n on -poisonous, soluble or insoluble in water 
or any other liquid; also fusible or infusible, decomposed 
or not decomposed either by heat, cold, water, or any 
other means. Further, they are either crystalline or 
amorphous, and may under one class of circumstauces be 
possessed of one set of properties, and under different 
circumstances of another. Thus showing that the proper- 
ties of any compound substance can never be predicted, 
and cannot be known until they have been experiment 
tally determined. A metal may, however, by proper 
means, be reduced from any of its salts, and restored to 
its metallic appearance and characteristic properties, e.ij. 
from the common white magnesia of the shops the metal 
magnesium (Mg) may be obtained, which cau be heated 
at a common candle flame, when it hums with a brilliant 
white light to a white ash, which white ash ia similar to 
the original magnesia. 

All the metals combine with the non-metals 0, S, 
CI, forming the three most important classes of metallic 
salts, namely, the oxides, the sulphides, and the chlori.dea 
of the metals. Some of the metals also form chemical 
compounds with all the other non-metals, not even except- 
ing H, e.g. the gas HjAs. The oxides and chlorides of 
the metals appear quite destitute of any chamcteristio of 
the metals from which they are produced ; a few sulphides 
as galena (lead sulphide) and pyrites (sulphide of iron 
and copper) possess however a marked lustre resembling 
the metallic, while steel and cast iron, which are com- 
pounds of iron with small quantities of carbon and silicon, 
are remarkable for their metallic properties. 
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Oxides of the Metals; Oxtoen Metallic Salts. 

Although all the metals are capable of uniting with 0, 
md many of them with several proportions of it, forming 
'^gen metallic salts, yet the jiffinity of the several metals 
pbr that gas is as various as may be, e.g. — 

1. Some metals can not only nist or tamiah, i.e. take 
I O from the air, but eveu from water H,0, at the ordinary 
ttemperature of the air, liberating an equivalent proportion 
ttffH. (See a iV. p. 53.) 

Metals belonging to this class are the six following; 
iiree of which are called vietala of the alkalies; the 
scond three metala of the alkaline earths. 

Potassium K I Baiiuni Bn 

Sodium Nft Strontium Sr 

Lithium Li | Calcium Ca 

These metals are very light, that is, have a low e.g. 
. Other metals, again, tarnish or oxidise in the air, 
though more slowly than those mentioned above, but can 
remove from hot water only, e.^'. magnesium (Mg), 
which requires a temperature of 55° C. (122° F.) to effect 
the decomposition of water, while iron (Fe) and zinc (Zu) 
require a red heat, (See C. N. p. 53.) Metals of this class 
decompose HCl and H^SO^ at the common temperature 
irith ease, liberating H. (See C. if", p. 52.) 
Mg 



Magnetduiii 

Alu minima 
Cadmium 



Mnngtuiesc 

Nitkol 

Cobalt 



Fe 



3. Another clasa of metals oxidise only slowly in the 

ir, decompose water with facility when red hot, but will 

lot deconipose HCl and H,SO^ at the common tempera- 

■iture, but will decompose KHO (potash) liberating H. 

oxides of these metals are noted for their power 

if entering into combination with other salts. 

Andmony 8h Arsenic As Tin, ?s\\ 
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4. Then there are metals which scarcely decompose 
water under any circumstances, yet tarnish easily in the 
air, and like all the metals mentioned above, oxidise at a 
red heat when exposed to the air. When once united 
to they retain that gas with great force, and cannot be 
separated from it by heat alone. 

Copper Cu Lead Pb Bismuth Bi 

5. Finally, there are those metals which, from their 
very slight affinity for 0, and consequently from their 
capability to hold their lustre in the air even when heated, 
have received the name of noble metals. The oxides of 
these metals do part with their when sufficiently heated. 



Gold Au 



Platiniim Pt 



Silver Ag Mercury Hg 

Mercury (Hg) however oxidises in the air at a low heat, 
but parts with its again at a higher temperature, (See 
G, N, p. 50.) These metals have a high s. g. 

The oxides of the first four groups of metals part with 
their when once united to it, with as much difficulty as 
the ease with which they unite with it, while the noble 
metals part with their as easily as it was difficult to 
unite them with it ; yet all metallic oxides, by the use of 
the proper means, may have their removed, and the 
metal returned or reduced to its metallic condition again. 

Ooddes are mostly insoluble in water, and differ so 
widely from one another, that little further can be said 
about them with profit to the student until he has sepa- 
rately studied them. They occur abundantly as native 
minerals (ores), frequently crystalline, from which some 
of the metals, as Fe, are obtained for general use. 
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Sulphides or Sulphur Metallic Salts. 

All the metaJB are capable of forming sulphides. Some 

s copper (Cu) burn in S vapour, forming a sulphide, and 

imoBt of the metals when heated in S vapour unit-e direct 

■ivith iti. Many sulphidea of the metals can be formed by 

ljt>ringing them in contact with H,S (dibydric sulphide or 

Bwilpburetted hydrogen), or by passing a stream of this 

8 through a solution of one of their ealts. The forma- 

MoQ of metallic sulphides by HjS is a reaction so impor- 

mt that the metals may be, and for analytical purposes 

B^quentiy are, classed according to their behaviour with it. 

Class I. — It is found that solutions of some of the 

pnetals are not precipitated under any circumstances by 

IjS, and this is because their sulphides are soluble in 

water. 



Ca 



Ug 



Class II. — Again, the sulphides of some metals form 
louble and soluble compounds with the alkaline ealt^ 

^tAsh (KHO), soda (NaHO), and solution of ammonia 
H^O), and these sulphides are commonly said to be 

'^hj^le in hijdro-am'm'miu.m sulphide (H(H,N)S) or not 

ireaipitated in an alkaline solution. 



[ These metals' eanj however, be completely precipitated 

a their solutioDS by H^S in the presence of HCI, that 

, by adding HOI to the solution of the metal through 

^ich HjS has been added, because these sulphides do not 

Q double or soluble compounds with HCl. 
[ Class III. — Some metals, again, cannot be precipitated 
L the presence of HCl, or sioiilar H salt, because such 
klt« dissolve their sulpbides cumpVeteiy. T\\eae ra,e,\al* 
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are precipitated completely from their soUitiona by Hj8, 
however, in the presence of an alkaline salt, with whicb 
these sulphides do nut form double or soluble compounds. 
The alkaline salt usually employed to precipitate them 
being hydro-ammonium sulphide (H(H(N)S). 

Fe Zn 

Co Mn 

Ni 
Clasa IV. — There is a group of which chromium and 
aluminium are the chief representatiTea. Solutions of 
these metals are precipitated by alkaline sulphides 
(H(H^N)S), but are precipitated aa oxides, and not bm 
sulphides. 

Cr Al 

Clasa V. — Finally, there are those metals which are 
precipitated from their solntions by HjS, either in the 
presence of HOI or an alkaline salt. 

I'b Ag Cu 

lib' 3ii <^i 

As a method by which jrrowps of metals may be separated 
from one another when dissolved in the same solution, the 
action of H^S is of the greatest use in the laboratory. The 
groups of metals precipitated by it, and the circumstancea 
under which each group is precipitated, as mentioned, 
should be carefully committed to memory. This reaction 
of HjS is the most important test for the metals. 

The precipitated sulphides by H^S are generally black 
or dark brown ; zinc (Zn) however is white ; arsenic (As), 
cadmium (Cd), and tin(Sn), yellow; antimony (Sb), orange; 
manganese (Mn), flesh-colour. ISome salts of iron, namely 
thesesqui-saltSjOr fen'ic salts.give first a white precipitate of 
S, and afterwards a black one of the sulphide ; and some salts 
of mercury give first a white, passing through yellow ^nd 
orange to black. It is, therefore, (jheolutely necessai-y when 
testing with HjS to add an excess of the gas, that is, until 
the solution smells of the gan after it has been well stirred 
or shaken, before a reliable result can be obtained. 
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When a metallic siilpliate ie heated with C tha aalt 
^s changed to the state of aulphide, the C uniting 
|rith the contained in the salt. 

Metala frequently unite with S in several proportions, 
forming a series of sulphur salts : the sulphur salts, how- 
', are not so numerous, and have not been so well 
fadied as the salts, 

The Sulphides reaemble the osides very closely in their 
lomposition, and occur, frequently crystalline, as natural 
tbinerals (oi-es), from which some of the metals are prin- 
cipally obtained for commerce, e.g. copper. They often 
possess a kind of metallic lustre, conduct electricity, can 
^eldom be reduced by heat alone to the metallic condition, 
Hfad by roasting are generally converted into oxides. 

V Chloribes or Chlorine Metallic Salts. 

H The action of CI upon the metals is generally more 
■teiergetic than that of either or S. Most of the metala 
Hoite with Gl at the ordinary temperature, and some, as 
^pitimony (Sb) and arsenic (As), &c., take fire when intro- 
Hbced into that gas, a chloride of the metal being formed. 
H Many metallic chlorides can he formed by dissolving 
^me metallic oxides in HCl or a mixture of HCl and HNOj, 
Hr by heating an uside and passing CI gas over it, some- 
^Bines with the addition of C to the oside, CO and a metal- 
^■p chloride being formed. 

B The metallic iodides, bromides, and ^/^worit^ resemble 
Bbe chlorides very closely, and can be as a rule formed in 
B similar manner to the chlorides. The iodides and bro- 
^■ddes, however, are very seldom ever found as native 
^Htierals. 

^K'Tbe chlorides can generally be melted by heat, many 
^B them being volatile, and capable of being distilled. 
^Biey mostly dissolve in water without decomposition ; ex- 
^^^tions to the above statemeutA will be mentioned here- 
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after. They cannot be reduced or decomposed by heating 
with carbon, but many are reduced when heated in a cur- 
rent of H gaa. 

Common Halt (NaCI) occurs as a native miljeml; but 
few chloridss, however, are found among the native 
minerals as ores of the metals. 
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OCCURRENCE AND DISTRIBUTION OF THE 
METALS. 

The metalfl whose compounds are most widely distil 
buted, and which, next to silica or sand, compose the 
greater part of the rocks of our earth, so far as we are at 
present acquainted with them, are — 

Aluminium Iron 

Calduin Sniiiiim 

Ma^eeium Potussiuin 

The other metals are only found occasionally, and dis- 
tributed in isolated patches through the earth ; although 
Bometimes, as in meteoric stones composed of iron, nickel, 
&c., they fall from the sky. 

The above metals, from their great affinity for 0, S, 
and CI, are, with the exception of iron, never found 
in the earth native, that is in the metallic condition, 
but occur in chemical combiuation with other substances, 
from which they have to be separated before they ap- 
pear afi metals. On the contrary, the rare and noble 
metals An, Ag, Pt, Hg, are generally found in the native 
atate, on account of the comparatively small affinity 
they poseesa for the non-metals. Arsenic, copper, nickel, 
and some other of the baser metals are occasionally found 
native, and frequently as alloys; e.g. arsenic (As), nickel 
(Ni), and cobalt (Co), are generally found alloyed to- 
gether in certain native minerals. 
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^* Metalujhoy (from /tiTaXXov, a metal, and spyov, work), 
or the art of workiag metals, is especially applied to the 
processes by wbich the metals are extracted from their 

C)B ready for commerce. 
Obss. — The chemical compounds found in the earth 
<m. which the metals are obtained for commerce are 
called ores. The principal of these are the oxides and 
sulphides of the metals; their carbonates and sulphates, 
&c., when found in sufEcient quantity, are also used to 
yield their respective metals, e.g. iron occurs as oxide in 
the mineral harmatite ; lead as sulpldde in the mineral 
galena I sodium as chloride in the mineral rock aaU. 
Again, the chief source of the salts of strontium is its 
native carbonate called strontixinite ; barium is found 
represented by its native sulphate as heavy spar. Further, 
a metal is frequently found in each or all of the above 
combinations, the one selected from which to obtain it 
depending then upon extraneous circumstances, as com- 
position, position, cost, means, &c. &c. 

The ores of all the rarer metals are generally found in 
^Jhin layers, called veins or lodes, imbedded in commoner 
^Bnck called the matrix (from mater, a mother), 

^^■.MisiNO consists in burrowing into the earth, or digging 
^Hpwn to the ore required, separatiug this from the matrix 
^^■h far as practicable, and sending it up to the surface. 
^^^ The next process, unless the ore is already sufficiently 
^^Bire, is commonly to stamp it to powder. Then, because 
^^ne minerals from which the most useful metals are ob- 
^■uned are heavier than the matrix in which they occur, 
^^Ke stamped ore is placed in some kind of box or other 
^^Bitable arrangement, and washed in a stream of water, 
^^Hlicb carries the lighter particles of matrix away, the 
^Hwier ore remaining at the bottom, where it is collected 
^^Kkd preserved ready for ameltinff. 
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Smelting, a process of reduction, is the operation 
extracting metal from its ores. It consiets in removing 
the bodies with which the metal ia in comV)ination in the 
ore, and separating and obtaining the metal itself. This 
process ie generally effected by means of C and H, assisted 
by heat. Lime (CaO), or some similar substance is also 
commonly added to form a slag and act aa a flux. (See 
C. K p. 96.) 

A SLAo is a vitreous substance, a coarse kind of glaea. 
In emeUing /umacee the bottom of the furnace is gene- 
rally closed to hold the liquid metal when formed, the 
fire being maintained and urged by means of large bellows 
or rather blowers worked by machinery. 

When the coal or fuel is burned in the same furnace in 
which the metal is liberated, the ash from the fuel would 
soon accumulate and fill up the bottom of the furnace 
were it not removed. The ore also, when put into the 
fiimace, generally contains variable quantities of matrix 
and other impurities, which likewise re([uire to be removed 
from the furnace at certain intervals. 

Such smelting furnaces as are here spoken of in which 
the ore, coal, and lime are all mixed together, are very 
large, and must be kept at work for years, that is until 
they are burnt out, without ever allowing the tire to subside^ 
on account of the expense and loss of time in starting tbem, 
that is getting them hot enough to properly reduce the ore. 

Lime and similar bodies are used because they act as 
fluxes, that is they chemically unite with the ash of the 
fuel and witli the matrix, forming a compound, namely 
the slag, which easily melts in the furnace heat. Thus 
the ash &c. from being solid and alraoBt infusible, become, 
heated with the lime, a liquid, and as the slag, thus formed 
is lighter than any of the metals which are thus obtained, 
the stag swims on the surface of the liquid metal, and 
may be run, like water, from a small plug-hole out of the 
furnace. 
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When a sufficient quantity of metal has collected at the 
Imttom of the furnace, which the workmen know by 
practice, it is also allowed to run from a small hole in 
the side of the furnace into narrow channela made in a 
bed of fine sand. The piug-holes are quite small, and are 
stopped hy pushing a plug of fire-clay, fixed at the end of_ 
a long iron rod, into the hole. 

If a SULPHIDE is the ore from which a metal is to be 
obtained, it is generally roastefl in the open fire, or in a 
bind of kiln, before it goes to the furnace. By roasting, 
of the S of the sulphide burns to SOj, while the 
metal generally becomes converted into an oxide. 

If an oxide, or roaeted ore, ia the ore to be reduced, 

heat and fuel (C and H) are generally used. The greater 

the heat, the greater appears to be the affinity of C for 

I. (see C. N. p. 60) ; and hence the great use of coal, charcoal, 

and coke in all smelting works. 

There is no rmtive chloi-ide that serves for the direct 
'|>roduction of any metal in large quantities, e.g. silver is 
occasionally fouud as native silver chloride, called kom 
mlver. 



The Rbverbehatobt Fuhnace (from re, back, aod ver- 
f.hero, I beat) is a furnace used both for roasting and re- 
^ncing ores which do not require a slag. In these furnaces 
pile fire is separated from the oie by means of a parti- 
nion or bridge, and the flame and heat only allowed, by 
■ revsi-beration, to come in contact with it. These fur- 
naces are commonly furnished with doors on each aide. 
When in use, if these doors are opened, air gets in and 
the furnace becomes a roasting or oxidising furnace ; if 
iey be closed, a reducing furnace. The bed of the 
raace, where the ore lies, is horizontal and slightly 
^low, like a tea-saucer, to hold the liquid metal. The 
ia sometimes round, but generally in form of a 
Edlelogram, and is fed, that is the materials ace iutid- 
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duced, from a hole in the top. The fire ia placed at one 
end and the chimney at the other. These furnaces cannot 
produce such intense heat aa the Gmeltiiig furnaces. 



THEORY OF SALTS. 

TniipreBenttheoryof Baltsisin reality the result of many 
theories, held at dilferent times and abandoned as the 
progreaa of chemistry rendered other views concerning 
them necessary. 

The better to understand how the several parts of the 
present theory came to be united, and to appreciate the 
time and labour expended in arriving at our present posi- 
tion, the following short sketch of the riae and fall of the 
several theorie-a which have chiefly occupied the attention 
of chemists since the time of Lavuisier may he acceptable. 

Until the year 1786 no attempt was made to reform the 
nomenclature of chemistry, and indeed up to about 1 660, 
the date of the foundation of the Royal Society of London, 
there appears to have been no distinction drawn even 
between vegetable and mineral bodiea, or ratiier between 
organic and inorganic chemistry. Thus the old chemists 
in their classifications placed vinegar among the mineral 
acids because it was aour; they also placed spiritus vini 
(alcohol) by the side of spiritus Libavii {tin chloride); 
butter of antimony (antimony chloride) by the side of cow 
butter, because they looked alike. Names were thus given 
without respect to the nature of the body, but from any 
accidental circumstance whatever. 

It was in 1786 and following years that Lavoisier and 
others presented to the world the foimdation of our present 
system of chemical nomenclature, and Lavoisier was the 
first to attach a chemical menning to the terms radical 
and base. He belie7ed to be the great active and acidi- , 
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ig principle in nature, and he called the body or bodies 
nnited with the radical of the compound. He further 
divided bodies into two groups, acids and bases, and said 
that when these united salts were the result. This acid 
and basic constitution of salts was called the dualistic 
theory, and by the year 1795 was generally accepted by 
chemists. The discovery of salts which contained neither 
acid nor base was aufficieat to eventually dispose of this 
theory, and it is consequently not taught in the present day. 
In 1789 Higgins of Cambridge revived one of the 
theories of the aacient Greeks, and said that elements 
consisted of indeatructihle particles, and that compounds 
■were formed by the union of these particles. Then in 
808, Dalton of Manchester, in his 'New Chemical Phi- 
losophy,' enlarged upon the views of Hig^gins, and pro- 
lunded the present atomic theory, which well adapted 
iself to the dualistic theory already then accepted. 
ilthough there are objections to the atomic theory, and 
ly celebrated men have not believed in it, yet it is the 
e by which uhemistry is taught at the present day, and 
it is required at chemical examinations the student 

pt and leam it accordingly. 
In 1812 Sir H. Davy, in bis 'Elements of Chemical 
'hiloeophy,' suggested the present blnai-y theory of salts as 
BOmething quite as likely to be true as the dualistic theory 
of Lavoisier and others. From that time, however, until 
within the last few years this theory had little support on 
Account of attention being drawn from it by a feud waged 
between the supporters of other theories, to be mentioned 
pereafter. 

I In 1819, Berzelius published his celebrated eiectn-o- 
mvmical theoi'y. The grej.t array of facts which the author 
B thia theory brought to its support and which caused it to 
pe rapidly accepted on all hands as an article of chemical 
kith, had been accumulating from the labours of Davy and 
khera since 1800, theyear in which Volta&iatmaAfeVao-sii. 
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the instrument called the voltaic pile. This theory stated 
that as the non-metala with t}ie exception of H were elec- 
tro-negative to the metalm, and all compounds then known 
were formed by the iioion of electro -positive with electro- 
negative bodies, therefore no chemical union or decompo- 
sition could take place except between bodies oppositely 
electrical. This theory agreed very well with the diialistic 
theory, for as there are only two electricities, positive and 
negative, so bodies must be built up by pairs. The dis- 
covery that electro-negative CI could not only displace, 
but also be substituted for, electro-positive H gave however 
the death-blow to this theory. 

In 1832 Berzeliua published his radical theoiy. Gay- 
Luasac in 1815 had discovered the first compound radical, 
namely, cyanogen (CN), and in 1832 Wohler and Liehig , 
discovered the compound radical benitoyl (CnH^O,); and 
after this Beizelius propounded, in similar words to those 
which Lavoisier had used in 1 793, his celebrated radical 
theory, and he bad the great satisfaction of finding all the 
chemical world, including Liebig and even Dumaa himself, 
faithful believers in the theories he had promulgated. 
Dumas at this time (1834 to 1837) was the leading French 
chemist, and became Berzeliua' great opponent in the 
chemical strife which shortly after this commenced. 

In 1834 and following years the discovery was gradually 
made by several French chemists, Dumas, Gay-Luasac, 
Laurent, &e., that the electro-positive H could be removed 
from a compound by the electro-negative CI, and further 
that the electro-negative 01 could enter the compound 
operated on, and take the place of the displaced electro- 
positive H. This discovery of the la/w of eubntitution 
led to one of the hardest fought chemical battles on 
record. 

Of course Berzeliua, at this time the greatest chemist of 
the age, could not consent at once to lay aside bis electro- 
ohemJca] theory which had been accepted by the scientifig, 
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world upon hie authority, backed as it was by a moet 
numeroua and powerful array of experimental facts in sup- 
port. He laughed at the aubetitutionists, but at the same 
ptime altered Lis radical theory in order to be in a better 
oeitiou to combat this theory of subetitution, which 
IhreateDed, backed by Dumaa, Laurent, and Gerhardt, to 
disprove hia most cherished ideas, and teach the world a 
Dew and opposing doctrine. 

The progress of the substitutionists was delayed by an 
^HSeteresting little quarrel between Dumas aud Laurent; 
^Hfaej eventually, however, joined in forwarding tbe new 
^Hdeae. 

^B In 1839 Dumas propounded the type theory to assist 
^Hiie substitution theory, which had been chiefly the work 
^Ktf Laurent and others. 

^^ So long as the substitutionists were divided amongst 

themselves Berzeliua cared little for them, but about 

1839, when they joined in earnest, Berzeliua took up the 

Bpudgels to defend his own theories, apparently with the 

I determination rather to die than ever give up the 

ssition he had earned of having given a chemical faith to 

B whole world. Tims commenced a battle royal between 

he substitution and type theories versus the radical and 

plectro-chemical theories. 

Some of the expressions used in the above description 

iaay seem unadapted to the subject, hut really they 

nicely convey an idea of the case, for the disputants got 

fiiT, that they more than hinted to their opponents that 

they thought them blind, lunatics, &c. 

Unfortunately for Berzelius, Liebig, who at this time 
was rapidly rising to that' height of greatness which has 
since made his name as familiar as a household word, had 
not the same reason for opposing the theory of substi- 
tution and holding to the electro-chemical theory which 
Berzelius had. Accordingly, in 1839, as facts began to 
multiply in favour of the law of BvibstitutVon a.^»aA 
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Berzelius, Liebig deserted and joined the subatitutionists. 
This was a great blow to the Herzeliua party, aod made 
their chief more determined and ferocious than ever. 

The result of this struggle, which lasted for years and 
convulsed the chemical world with strife and party feel- 
ing, was to retard the progresa of f ree thought; to confirm 
the theory of chemical substitutions, which nothing but 
bitter party feelings could have prevented Berzelius from 
allowing ; to cause a fusion of the two theories of types 
and radicals, which were never realty opposed; and to 
show the shortcomings of the electro-chemical theory, 
which in its entirety is not now held by any chemist of note. 

Finally, there is the nucleus theory ot Laurent and thft; 
unitary system of Gerhardt, which require notice. 
1848 and 1856 Gerbaidt published his unitary Bysteia 
molecules. His system is to look upon the i 
posing any compound na a whole, united to fonS 
complete and single molecule. This view of the o 
tion of salts will be referred to again. 

The nucleus theory, iovented by Laurent in 1836, only 
remains in the chemistry of Gmelin, the English transla- 
tion of which by the Cavendish Society comprises eighteen 
volumes. 

The present view of the constitution of salts recognised 
to be taught is the one called the Binary Tlieory of Salts 
(from Bini, by twos), first suggested by Sir H. Davy in 
1812. It is dependent upon the theory of radicals, and 
professes to look upon every compound as the result of two 
radicalsoraets of radicals. As types (see C. A", p. 47) are used 
at present, especially in organic chemistry, to show the sup- 
posed manner in which complex bodies are composed or put 
together, it follows that our views as at present taught are 
a mixture of the radical tfieoryy extremely modified from 
the original as put forth by Lavoisier, and as taught and 
altered by Berzelius ; and the type theory of Dumas and 
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urent; these, improved by a fusion with Gerhardt's 

unitary system of violecules, make up a union of theoriea 
— our present view of the constitution of salts. 

It thus ftppeara that beyond the oue iaoiated fact that 
all bodies unite by weight, and consequently by number, and 
gaseous bodies in addition by measure or volume, nothing, 
absolutely nothing, is known for certain of the composition 
Mid constitution of chemical compounds. The student must 
therefore accejjt the facts laid down in works on chemistry 
explained by the prevailing theory of the day, and be 
satisfied that although he does not know the whole truth, 
jet that be knows what is for the want of something better 
accepted in the present state of chemical knowledge. 

The binary theory of salta therefore is only one of 
Gonvenience, and is accepted and taught, not as the truth, 

tbut because it is as good a theory for the purposes of 
teaching and learning as any other. 
Tt 
«&d< 



RADICALS. 



Thk term radical, like the theory bearing its name, has 
ifcndei^one changes in its application sioce it was first used, 
"and is, or may be, applied to nearly any substance that is 
susceptible of chemical action or decomposition. Radicals 
are divided into several claases, aa follows: — 

^lst. Simple Radicals. — These are the elements, e.g, CI, 
, S, H, Ag, K, Ca, &c. 
2nd. Compound Radicals. — This is a moat importaab 
group of bodies, especially in the study of organic 
chemistry ; bo much so, that organic chemistry has been 
—defined to be the chemistry of compound radicals. They 
} extremely numerous, and include all such bodies aa 
inogen (Cy=CN), which, although tbey are com^unds. 
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the other 12 non-nietalB are the non-basylous radicals — 
namely, 0, N, C, S, P, Se, CI, Br, I, F, Si, Bo. Compound 
radicals are grouped in a similar manner ; their relative 
positioD, however, must be learnt as they occur. 



CLASSES OF SALTS, AND QUANTIVALENCE OF 
RADICALS. 
The number of salt* at present known is very large, and 
their composition very various. It is found, however, that 
many salts possess some peculiarities in common, which 
enable the chemist, in a limited degree, to arrange tliem 
in certain classes and groups, thus assisting the learner to 
obtain a larger and a better idea of them than he could do 
without some such arrangement. Thus, for example, cer- 
tain salts may be arranged together, because they all con- 
tain one atom of univalent matter, capable of substitution. 
Yet each salt will be quite distinct from the others, aa, 
perhaps, in colour, taste, solubility in water, in alcohol, or 
other particulars. 

According to the binary theory, a salt is a body formed 
by the union of two radicals or by pairs of radicals. 
(See p. 22.) 

Thus all compotmds are looked upon as having a similar 
constitution to the salts of the halogens, e.g. common salt 
(NaCt), hydric chloride (HCl), which are each composed 
of two radicals, the first of Na and CI, and the second of 
the two radicals H and CI. 

Now, if NaCl is a true salt, and composed of two radicals, 
according to the requirements of the binary theory, then 
oxides and sulphides are looked upon as salts similarly 
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QUASTIVALEN'CE OF BADICALS. 

Further, the conipositioQ of the eulpliafee, nitrates, 
.s similar to that of NaCl ; e 



HNbISO, 

OaSO, 
CnSO, 
Fa'SO, 



Ag 



NO, 



Nal CIO, 

K CIO, 

■ CaSOlO, 

H CIO, 



The student must be careful not to fall into the error 

tth&t the SiJta above referred to are really conBtltuted as 

lieprefiented. They are more probably constituted with all 

iiheir atoms arranged together in a itingle molecuie, so 

lat their respective cljemical affinities or attractions are 

nutnally satisfied, and remain so until some new external 

indition, as heat or the presence of a body possessing a 

Stronger attraction for somo particular member of the 

molecule, operates upon it, causing a chemical change, 

either of substitution or decomposition ; e.g. thus HjSO^ 

Kwould remain HjSOj uutil the end of time if left to it- 

I'wlf; but the moment Zn is brought in contact with it, the 

I Hj is separated from the molecule HjSO^, the Zn taking 

Kits place, and forming ZnSO,. 

The quantivaience of the radicals is frequently shown 

jny means of small dashes placed on the top right-hand 

dde of their symbol, e.g. K', Ca", P'", C". (See G. JS'. 

i. 39.) It is usual to place the basylous radical before the 

jion-basyloLis, so that common salt is written NaCi, and not 

The hanylous radical, among the simple radicals, is 

e more electro-positive of the two, (See C. N. p. 50.) 

Juat as the elements are either uni, di, tri, or quadri- 

■Tolent, so are compound radicals. And in accordance with 

■ their quantivaience (f^iie C. N. p. 38), so can they give rise 

I to certain classes of sj,lts. 

Thus the following basylous radicals, K', Na', Li', Ag', H', 
lad the following non-liasylous radicals, Cy', (NO3)', Cl',Br', 
\ are all univalent. Their salts will only possess a sm^le 
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proportion of univalent matter capable of aubstitctioD, and, 
consequently, will be all of one clasa, viewed in this light — 
NaCl NttCj NftNjO 

KCl KOy ENO, _ 

AgCl AgCy AeNO, M 

IICI IlCy HNO, ■ 

And we see why these radicals only form one chlorid^^ 
nitrate, or cyanide, because they are nnivalent and, as 
appears in the above table, have their cbemical capacities 
or quanti valence saturated. 

The basyloca radicals Ca", Mg", Zn", Fe", Pb", and the 
non-baayloTis radicals , S", (SO^)", are all divalent. The 
salts of such non-basyloiiB radicals with baaylous radicals 
raay be of three distinct classea — namely, they may possess 
one atom of divalent basyloua radical, or two atoms of a 
univalent baaylous radical, or one atom each of two ui 
valent basyloua radicals : — 

Ca'XSO,)" K'.SO, IIKSOj 

Fe"8 Nh'jS HNaS 

Zn"0 1I',U IIKO 

Tlie salts of the univalent non-basylous radicals with 
divalent basylous radicals will have the following com- 
position : — 

Ca"Cl'j Cb"2{N0,)' Cu"Cy', 

Zn"Cl', Pb"2(N0j)' Pb"Cj'. 

The trivalent radicals, as P'", As'", Sb'", can give rise 
to a still larger number of distinct classes of salts, because 
the three atoms of univalent matter with which they are 
capable of uniting may be of one kind, of two, or of 
three kinds. Further, it may be replaced by either di- 
valent or trivalent matter, thus giving rise to an almost 
endless variety of salts :— 

H',(PO,)"' H'CB"{rO,)"' Ca,"(rOj"', 



a 



H'jNa'PO 


CH.N)'Mg"I*0. 


H'N«',TO^ 


Na'jPO, 


PfH^N/Wa'PO^ 


BV'PO, 



■ CLASSES OF SALTS — DTDJUTES. a9 

K Hydrates. — Water, that is di-hydric oxide (HjO), is by 
■Ewthemostimportant chemical salt, and takes part in more 
BboinposititiDS and decompositions than any other cnmpoaDd. 
Kit is necessary to draw a distinctioL, however, between 
Kdi-hydric oxide (H,0) a? a chemical agent, and aqua, 
Btimple water, as used for washing, dissolving, cleaning, 
K&c, when it is used only as a physical agent. 
ft it is found that maiij bodies, as di-potassium oxide 
■ifKjO), and calcium oxide (CaO), &c., when they come in 
^^ntact with H^O, either in the liquid or gaseous state, 
KQBtantly unite with it, forming definite chemical com- 
fcwunds. which are dry, white, and solid. It is evident, 
Rlront their being dry, white, and solid, and not decomposed 
nA 100° C, that the H^O they contain does not exist in 
Bthem in the form of aqua, yet HjO may have been added 
Ho them direct in the form of water. These and similar 
■bodies have received the name of hydrate (from vSotp, 
Evater), because formerly they were supposed to be com- 
^^unda of water with the oxide, e.g. — 
W K,0 + HjO = 2KII0; and CaO + H^O = CaHjOj 

BSliere iSj however, no direct evidence to show that either ■ 
ftof these compounds contains di-hydric oxide (HjO) although 
■'they contain H, and 0. 

I Anhtdbate (from d, not, and uSmp) is a term applied to 
■itwdies which are sometimes united with H,0, and some- 
Btimes not, to distinguish them when not in union with 
Btiiat molecule, e. q. CaO is anhydrous calcium oxide, 
^bhJIe CaHjOj (CaO.HjO) is hydrated calcium oside. 
^RjuSO^ + SHjO common crystals of cupric sulphate; 
^RjuSO^ is the anhydrous salt. 

H Water op Crystallisation. — Most salts are capable of 
Hbrystallisation (see C. N. pp. 29, 31), and many of them 
Bvhen crystallising out of a solution in water, or from a 
^hplutioit containing water, take up a variable ^to^x'dovi *A 
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it ; Dot exactly in cliemical, but apparently in physical 
combination, to enable them to form the peculiar geome- 
trical figure in which the eult cryHtallisea, This water is 
called luater of ci-ystallisation \ it can be separated again 
from the crystal by heat, usually without decomposing the 
salt iteelf, but the form of the crystal is generally destroyed 
by the process, e.i]. the sulphates of iron, zinc, magnesium, 
nickel, and cobalt, all crystallise with thesame quantity 
of water, namely, 7 molecules (7HjO), e.g. — 

F.iS(\+ 711/1 MKS0,+7n,0 

ZnS0,+7H,0 NiS0.+7n,0 

This 7H,0 can be removed by beat, the anhydrous salt 
remaininij. The seventh molecule of HjO, however, is far 
more difficult to remove by heat than the first six. 
Further, some other salt, as KjSO^, may be siihstituted 
for this seventh molecule, thus, MgSO, + K^SO^.GHjO. A 
molecule of water acting in this manner is called haaic, 
basylous, or salifiahh a-ater, to distinguish it from the 
ordinary water of crystallisation. 

Again, the class of salts called alums generally cryatallise 
with 24 molecules of HjO as water of crystallisation. 
The whole of this may be removed by heat, in which case 
burnt or anhydrous alum remains. 

Double Salts.— It is found that many salts are capable 
of uniting with certain others to form doiible salts, much 
as if they were compound radicals. That is to sny, they 
will, when their solutions are mixed, crystallise out of 
Buch solutions together, ia a definite manner. Such salts 
are the alums. The composition of common alum is 
aluminium sulphate (Alj-^SO^) and potassium sulphate 
(KjSO,). When solutions of these salts are mixed, alum 
crystallises out, which can be represented by K'jAI"'g4(S0.)" 
+ 24H,0, or KjSO,+ AIj3SO, + 24H,0. In this case we 
know that alum contains the elements K, AI, S, 0, H, 
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further we know that the relative proportions in 
Jbich these elements occur is K, A!, Sj, 0,^, H,,, mid from 
Kese data we may construct a nuiober of formulffi to 

ipreeent what we think is the proper formula for ulum. 

fcut we do not know in what way the.se radicals are 

toited. For instance, there is no direct proof that alum 
Contains a distinct body K,SO,, although K^SO^ was used 
to produce it. The elements of alum are supposed to be 
united together to form one chemical molecule, but the 
iner and order in which they are arranged to form the 

iolecule is not known to chemists. (See Hydrates.) 

I Easic Salts, — There exists a number of salts often im- 
Bsible to crystallise, which are commonly insoluble in 
^ter, and of more or less douljtful composition, to which 
pe term basic has been applied, because they contain a 
rger amount of hasyloua matter in proportion to the 
ylous than do the regular and normal salts. Many 
fuch compounda are to be met with in chemistry, and 
lannot be arranged under any system at present in use. 
K>nie of these are probably mixtures in various propor- 
ions of several salts, aa their composition frequently alters 
lecording to the circumstances under which they are 
Bade. 

The quantivalence of many of the metals appears to be 
SOnstant, and creates little doubt as to the correctness of 
■s, e.g. K, Na, Li, Ag, are univalent (see 0, N. 
. 39). The quantivalence of others, however, is very 
■doubtful, owing to the curious combinations into which 
lome of them enter, often rendering it difficidt to say with 
»rtainty whether a metal is divalent or sexivalent, or 
Kwhetber it may not sometimes act as a divalent element, 
tad sometimes aa a sesivalent one. Thus, supposing a 
metal (Fe) is said to be sexivalent, it does not follow that 
rill at all times show or enter into combinations to the 
tated full extent of its quantivalence. "Part oi \\a ■^■^ex 
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raay in certain combinations be as it were latsTit, e, g, iral^ 
is aometimes divalent as in Fe"0", and Fe"Cl', ; gometimea 
trivalent as in Ft"'fi"^, and Fe"',CI'g; soraetimes sezi- 
vaient as in Fe**©",, and similarly with the metal chro- 
mium (Cr). 

Again, both these metals form compounds having the 
following composition, FcjO", and CrjO"^; the quanti- 
Talence here is in the proportion (8-7-3 = 21) of Fe", Cr", 
thus, Fe^'jO"^, As such a qnantivalence with fractional 
numbers is not allowed in chemistry, it is most probable 
that Vefi^ is a double salt composed of Fe"0".Fe,"'O"g, 
and ftimilarly Cr"0".Cr'"jO"3, This ia further shown as 
probable because the common ore of chromium is Fe Cr^O,, 
which may be written Fe"0".Cr"'jO"j. From this it ap- 
pears that iron and chromium are equivalent to one an- 
other, but whether they are uni, di, tri, quadri, or sesivalent 
ia a matter of opinion. 

Again, antimony (Sb) and arsenic (Aa) ai'e sometimes 
trivalent, aa in Sb"'CI'j and As"'Cl'„ and sometimes quin- 
quivalent, aa in Sb'(0"j and Aa^,0"j. 



CHEMICAL FORMULA. 

Hieroglyphic Formcl* (from lepos, sacred, and yXwba, 
I carve) were used by the ancients to represent the seven 
metals known to them. Thus; — 



Gold w 
Silver 
Mercury 
Copper 


aa the Sim, 
, the Moon 
, Mercmy 

', Mara 


represented by O 


Leitd 


, Jupiter 
, Saturn 


;; ;; 1 



These metals were supposed to possess certain mystic rela- 
tionship with the planets. Thus copper was believed to be 



^^n 
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imposed of gold and a body they called acrimoaj ({>, 
and so its symbol became Venus 2 • 

At the end of the last century Lavoisier and others iD- 
troduced a new nomenclature and new symbols. Many 
attempts Lave been made to improve the present symbols 
and manner of writing them ao as to express more com- 
pletely the composition of bodies, and the arrangement of 
the atoms in them. Thus there are : — 

Gltphic, or Glyptic (from 7Xij<^), Gbaphic (irom 
rfpd^fxa, I write), and Pictoriai, or Descriptivb Formulae. 

Dalton, in 1808, used pictorial symbols in Ms formulae 
to illustrate what be imagined his atoms to be, and how he 
thought them united witi one another, 

Glyphic or glyptic formulse are formulae illustrated by 
models to represent the atoms, in the manner they are 
supposed to exist in the compound. They are chieSy 
UBed in organic chemistry. lu graphic formulae the 
symbols are written within a circle, and from the circle 
radiate certain straight lines, their number and the way 
they are united showing the chemical vahnce or value 
of each atom. Although pictorial and other formulse 
are sometimes useful. to illustrate a particular view of a 
decomposition, or special and novel representation of ideas, 
yet they are not found necessary in the generality of 
cases ; the common equation form of writing the ordinary 
Bymbols being usually sufScient to convey the necessary 
knowledge for beginners. Many kinds of symbols have 
been invented, but none have superseded those commonly 
in use. 

Inasmuch as the constitution of salts is not known, and 
the existence of either atoms or molecules has never been 
proved, the pwpe>- method of writing any formulas is 
purely a matter of custom and opinion. The opinions of 
different persons vary as to the method of writing some of 
the commonest formulas. It is, consequently, found ad- 



r 



34 NOTES ON METALS, 

visable to write all chemical formula, as far as possible, 
without regard to any of the various opinions respecting 
the internal constitution of the salts represented, and 
these formula are called aymyptic. 

Synoptic Fobmul^ (from aiiv, with, and S-^is, sight) are 
the kind of' formulEe most in favour at the present day. 
They profess to show the several elements and the number 
of atoms of each which a molecule of a body contaiuB, 
without entering into the manner in which the atoms are 
arranged in the said molecule, e.g. H^SOj is a sjmoptio 
formula for dihydric sulphate. On the assumption, how- 
ever, that dihydric sulphate contains water the formula 
should be HgO.SO,, and if it be supposed to contain sul- 
phuric dioxide (SO,) and hydric peroxide (HjO,) ita for- 
mula should he 2H0.S0j, and if it contain dihydric sulphide 
its formula must be H^.O^. Thus, by adopting the 
synoptic formula HgSOj, the composition of a molecule of 
the body is given without any reference to the opinions of 
this or that chemist on the subject. 



TESTING. 



Testing is the art of discovering the composition of 
any given substance, and a test (from testis, a witness) is 
any substance, act, or operation that can assist us in otuf 
endeavours. 

If the substance to be tested be a solid, the first thing to 
be done is to observe whether it be of a metallic appear- 
ance or not ; whether it be cryatalline or amorphous (see 
C. N. p. 29) ; also its colour, hardness, and general appear- 
ance : e.g. if a body be crystalline, it is known that it 
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pnnot be any of those bodies which never crystalliee, as 
if it be very bard we sbould not expect it to be 
•Utter, &c 



Tektihg in the Dry Wat. — The next process is to 

e whether the body is altered by beat or not, and 
I, what alteration does it undergo ; namely, is it volati- 
i entirely or in part ; does it char ; does it melt ; does 
E change colour ? &c. 

Bodies are usually heated upon a piece of platinum foil ; 
in a amall glass tube ; or before the blowpipe dame, either 
on a piece of charcoal or in a little ring of platinum wire, 

I^e ring being filled with a melted globule of some flux. 
(See a K p. 96.) 
The chemist must experiment until he finds out, or in 
the case of beginners they must learn in books, what sub- 
ptancea act in any or each particular manner ; and thus 
armed with knowledge, and observing what substances tell 
them by the changes they undergo under different cir- 
cumstances, they can discover what these substances are. 

To discover what radicals are contained in any substance 
is qualitative analysis. To weigh, measure, or otherwise 
determine the amount of each ingredient, after we have 
detenuined what substances are present, is called quanti- 
tative a 



Testikg in the Wet Wat by Soldtions, — It is usual 
if, after observing the peculiarities of a body as above 
described, we do not know what it is, to endeavour to dis- 
solve it. The greater part of all testing and analysis consists 
in dissolving and then precipitating from solution, in some 
altered form, the substances under examination. By the 
term precipitatiun is meant the sudden separation of a 
solid body from a solution (from pracepa, headlong). 

To learn and commit to memory what substances are 
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soluble in certaia liquidB, how they may be precipitate 
the colour of the precipitate, and in what it ia soluble or 
insoluble, is a must important branch of chemical study. 

Simple Solution.— The liquid first employed to effect 
the solution of a solid is water, because water is capable 
of dissolving a larger number of substances than any other 
known liquid ; further, it appears to dissolve them, with 
few exceptions, without changing the chemical properties 
of the bodies dissolved (see C. N. p. 30), on which account 
a solution in water is called simple solution. Alcohol is 
fre([uently used to dissolve subatances, especially resin- 
ous matters. Solutions of bodies iu alcohol are commonly 
called tiiictu.res. 

Solubility of Salts in Water. — The salts of the univa- 
lent non-basytous radicals are, as a rule, soluble in water. 
Nitrates, nitrites, iodides, bromides, chlorides, fluorides, 
chlorites, chlorates, bromatea, &c,, are all, with few excep- 
tions, soluble in water. On the contrary, the multivalent 
non-baayloua radicals are to a very great extent insoluble. 
Thus the oxides, sulphides, carbonates, phosphates, sul- 
phates, borates, arseniates, and silicates, are commonly 
insoluble. There ia, however, no such thing as absolute 
insolubility in water. For it must he borne in mind that 
just as there are three chlorides unlike the rest of the 
chlorides remarkable for their comparative insolubility in 
water, so, while sodium sulphate is very soluble in water, 
barium sulphate is one of the most insoluble salts known. 
Nevertheless barium sulphate is to a certain extent soluble, - 
as fie stalactites (from araXaaaa, I drop) found in Derby- 
shire, and sold under the name of petrified wood (from 
irirpos, a stone), prove. For these stalactites are composed 
of this insoluble sulphate, which during ages has been 
carried by water through the rocks, and as it dripped from 
the roofs of the caverns, has gradually deposited this, its 
insoluble burden, imtil by little and little it has formed 
these iFonderfu] examples of its mighty power. 
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Chbmical Soldtios. — If a body under examination is 
found to be insoluble in water, something ia added to effect 
a change in it, either by combining the subBtance with 

tBome new radical, or by removing some radical from it, bo 
fea to form a Hubstance that ia soluble. {See G.N, pp. 30, 69.) 
' Again, some bodies, although insoluble in pure water, 
are soluble, apparently without suffering change, in water 
baving already some salt dissolved in it, e.g. hydrated 
calcium oxide (CaHjOj) is more soluble in a solution of 
sugar than in pure water ; certain salta of magnesium are 
soluble in a solution of ammonium chloride although in- 
soluble in water. Further, the presence of some particular 
salt in solution is able to prevent the solution of salts 
otherwise soluble, e.g. in the estimation of P, the presence 
of a little ammonia in the wash water prevents the solution 
of the ammonio -magnesium phosphate, 

The salts first used to effect the chemical solution of a 
compound are the three following ; solutions of which in 

K' y are always kept ready in every laboratory on account 
lie frequency of their use, namely : — 
b of these salts of hydrogen possesses in a most marked 
uDgree the power of exchanging its H for some other 
basylous radical, eg. — 

Hydric chloride generally forms a chloride with the 
w basylous radical of the body dissolved : — - 
I Ca"(CO,)" + 2Ha = Ca"Cl'a + H'.O + CO^ 

H Hydric nitrate usually forms a nitrate ; it however may 
^m only form an oxide : — 

^L CaCO, + SHNO, = Ca2N0, + H,0 + CO.j 

^^K Dihydric sulphate similarly forme a sulphate : — 
^H^ CftCO, + HjSOj = CaSO^ + H,0 + C0» 



1. Hydric Chloride . 


nci 


2. Hydric Nitrate . 


HKO, 


3. Dihydric Sulphate 


H,SO. 



38 NOTES OS METALS. 

Other Baits, either in solution or alone, are often used to 
effect the solution of bodies when the hydrogen salts 
mentioned above fail to do so. Thua potassium nitrate 
(KNOg) will attack many bodies that HNO^ will not tcuch. 
Hydro-potassium sulphate (KHSOj) will render soluble 
certain bodies upon which H,SO, has little or no action. 
Although, therefore, solutions of H salts or the salts them- 
aelves are commonly used to effect the solution of other 
bodies because they are plentiful and cheap, and when 
they act, act more rapidly and easily than other salts, yet- 
the student must not on this account consider them as a 
separate class apart from other salts. 

Just as in a chemical point of view dihydric oxide (HjO) 
and dihydric sulphate (HjSO,) are simitar in composition, 
because they are each capable of exchanging H, for other 
basyloUH radicals; so caustic potash or hydro-potassium 
oxide (KHO), ajid hydro-potassium sulphate (KHSO^), are 
similar in composition because each baa only one H to 
exchange. The following table will show the analogy 
between H,SO^ and H,0:— 

H,(SO.) HK(SO,> K-fSO.) C«(SO,) 
llj(0) I1K(0J K,(0) Ca(0) 

The principal tests used to precipitate the metals from 
their solutions are the alkalies potash (KHO), soda (NaHO), 
and ammonia (HjN) ; their carbonates, and dihydric 
sulphide (H^S). 



CLASSIFICATION OF METALS. 

The classification and grouping of the metals are to a 
great extent matters of opinion according to the point 
£rom which they are viewed. There are, however, cer- 



^ain 
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:ain marked distinctiona which compel some of them to 
be classed together, leaving others doubtful ; than — 



1. There are a number of metals alt i 
alow 5. These may be called the light metals :■ 



Potassium 

Sodium 

Lithium 

Kubidjum 

Ciesium 



Barium 
Strontium 
Calcium 
Mf^esium 
Altuninium, &c. 



hey will be subdivided into — 

a, Metels of the alkalies 

6. Meluls of the allialine eoJtliH 

c. Matala of the eartha 

2. The remaining metals will receive the name hea/uy to 
"""Aguish them from the foregoing : their e.g. is over 5 : — 

Bismuth 
Antinjony 



Nickel 
Cobftit 
Manganese 
Zinc 

Chromium 
L These will be subdivided into— 



Arsenio 

Tin 

Gold 

Silver 

Mercory 

Platinum 



Many of the rarer metals are not given here, and further 

" neither the above claBsification nor jet those given on 

pages 9 and 11 according to the action of the metals with 

■p and S, meet all the views that are held upon the subject. 

"hey are nevertheless sufficient for beginners. 
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first divisiox.— light metals. 
Gropf a. — Metals of the Alkalies. 



1 



The name Alkali is derived from the Arabic, the term 

kali probably being the name of the plant from the ashee 
of which potaaaium carbonate was first obtained ; and al U 
the definite article. 



Potassium 


K 




R 


Sodium 


Na 


Oreaium 


C» 


Lithium 


Li 


Ammonium 


(H.NJ 



The salts of ammonium (H^N) resemble the salts of the 
metals of this group so nearly, that although itself only a 
compound radical, it is commonly placed amongst the 
metals of the alkalies. 

The metals of this group all decompose water in the 
cold, liberating H. They are al! univalent. They are all 
lighter than water, soft, and have a great afiGnity for O. 
Nearly all the salts of these metals are soluble in water, 
including their oxides, carbonates, and sulphides, A 
solution in water of either their oxides, carbonates, or 
sulphides turns red litmus paper blue. They form only 
one chloride. 



{^Symbol K (Kalium) ; Atomic FropoHton, 39 ; S.g., 0'866 ; 
Meitmg point, SS-S^C] 

OccuEBENCE. — This metal is very widely distributed in 
combination vrith other radicals in sea and spring water, 
and in the sap of plants ; it is also a constant component 
of the animal frame. Most soils contain salts of this 
metal, obtained from the decomposition of primary rocks 
containing felspar, mica, and other minerals, where it 
occurs united with silica (SiOjV 
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HiaroBr. — Discovered by Sir H. Davy in October 1807, 
fby the aid of the voltaic battery of the Koyal Institution 
. London, constructed for himself, consisting of 2,000 
pairs of plates. By this battery he first showed that each 
of the alkalies, potash and Boda, and the three alkaline 
earths, baryta, atrontia, and lime, contained a peculiar 
metal. 



\ 



Peeparation. — A mixture of potassium carbonate 
(KjCO,) and C is made, by heating to redness in a covered 
vesael ctiide tartar obtained from wine casks. Taxtar is 
potassium bitartrate (KH.C^H^Og), it is decomposed by a 
red heat into a black mass, consisting of KjCO^ and free 
C. This black mixture is placed in an iron bottle pro- 
vided with an iron exit tube, and heated white hot in a 
Buitable furnace. The metal distils over as formed, accom- 
panied vith CO gas, and is collected in mineral naphtha, 
ft liquid free from : — 

The process of manufacture is difficult, and demands great 
If the metal is required pure, it must be several 
tames redistilled. 

Potassium can also be obtained by the action of the 
galvanic current on KHO, or by mixing KHO and finely 
divided Fe, and applying a white heat. 

Peopebties, — A soft-, silver-white metal, with a beautiful 

lustre. It is brittle at 0° C, and forms a green gas at a 

red heat. It tarnishes, that is oxidises, instantly on ex- 

■ poaure to the air, on account of its great affinity for 0, for 

ftvphich reason it is kept under naphtha. It bums, forming 

a oxide when heated in the air or ; when thrown upou 

Pwater it decomposes that liquid, liberating H, and pro- 

Iducing sufficient heat by the rapidity of its action to set 

" e gas on fire, the K giving a violet colour to the flame. 
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The affinity of this metal fur O ia very great; it can take 
from COj when heated to dull redneaa in that gas, C 
being deposited. K also bums in CI, and rapidly decom- 
poses many chlorides ; it also decompoaea H,S, taking the 
place of H, and ia one of the most powerful chemical 
agents. 

POTASaiOM WITH OxYGEN. 

PoTAsaniM forms three componnda with 0, only one of 
which is of importance, namely potash or potassium oxida 
(KjO), which by combining with HaO forms 2(KH0) potas- 
sium hydrate, common caustic potash, or potassa caustica 
of the Pharmacopceia. 

Potash . . . K,0 

PotMsium dioxide . KjO, 

„ tetioiide . K^O^ 

The tetroxide is yellow, and difficult to obtain pure. 
When K is burned in a more or leas yellow solid is 
formed, according to the circumetancea under which the 
experiment ia performed. This yellow solid is a mixture 
of oxides, and gives off free when dissolved in water, 
forming the hydrate (KHO). 



POTASSIUM HYDRATE.— Caustic Potash. 
[KHO = 66.] 

Preparation. — The caustic potash of commerce ia im- 
pure. It is usually made by dissolving one part, say 
pound, of commercial pearlash (which is an impure potas- 
sium carbonate (KjCOj) obtained from woodashea) in 10 lb, 
of water, and adding half a pound of caustic lime (CaO) 
slaked in 4 lb. of water. 

If a stronger solution of KjCOj be used the lime has 
no action on it. 

The KjCOj solution is kept boiling in an iron pot, and 
tJie slaked lime, calcium hydrate (CaH^Oj) and water. 
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radually added. A white precipitate sinks to the hottom 
f the pot composed of calcium carbonate (CaCO,), caustic 
K)tash (KHO) remaining in solution : 

K,COs+ Cans03= CftCOjH- 2KnO. 

The pot is carefully covered to protect ita contents from 
Oj contained in the air, and the contents allowed to cool 
nd settle. The clear liquid is then drawn oif from tbeCaCOj 
|jDd rapidly boiled down in a clean iron pot, until it would 
i solid if cold. It ie now usually cast into sticks for 
|ale. The manufacture of pure caustic potash is a matter 
T TCry great difficulty and also expense, as silver basins 
^ust be used to boil down in instead of iron pots. 

2nd method. — By burning the metal in dry and dis- 
lOlying the oxides formed in water. 

Pbopbrties. — A whitish solid, hard and brittle, usually 

(old in sticks about the size of penholders, but sometimes 

"i lump. Miist be kept in well closed bottles because it 

* very deliquescent, that is, has a wonderful desire and 

kjwer to absorb water and become liquid ; on this account 

|itubs filled with pieces of stick potash is often used to 

f gases, which are made to pass through it. /( is very 

yluhle in water, and the solution is a most important teat 

a chemical analysis, and is also used in medicine. Has a 

great affinity for COj, on which account a solution of one 

part of the hydrate in three parts of water is the usual 

^aetbod of extracting that gas when mixed with others. 

B|Bee C N. p. 62.) The solution has a disagreeable odour 

^md burning caustic taste ; it dissolves tbe skin and de- 

Htroya most animal and vegetable matters, as cork, and 

Knien very strong, spoils clothes, and slowly dissolves glass 

Kod porcelain. 

V "When solution of KHO is added to fat or oil the two 
Htiite and form a compound soluble in water, which is soft 
^Bop. The term lye (originally a solution of wood-ashes, 
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and now any alkaline solution) is often given to a solution 
of KHO, especially by the soap manufacturers. 

When melted with sand or silica, KHO unites with it 
to form a potassium silicate, potash glass, and if the KHO 
is in sufficient quantity the silicate or glass formed will be 
Boluble in water. 

If KHO is heated it melts, and if more strongly heated 
will volatilise, but without lose of water, showing how firmly 
united the several elements are, and that it is not probable 
that it contains water, although it has both H and 0. 

The chemical affinities of KHO are so powerful that it 
ranks aa one of the most active chemical agents, and is 
very commonly used to effect decompositions hoth for the 
purposes of manufacture and analysis. 



DIPOTASSIUM CARBONATE.— Pearlash. ■ 

[K,CO, = 13e.] " 

OccCBRBNCE.~The salts of potassium are very exten- 
sively used in the arts, especially for the manufacture of soft 
soap, glass, and gunpowder. Although the salts of K are 
very widely distributed through the rocks of which the 
surface of our earth is composed, as in mica, felspar, &c., 
from the gradual decay of which is doubtless the way K 
salts get into the soil, yet up to a recent period there was 
not any known method of extracting them artificially from 
these rocks which would repay for the espense. Further, 
K compounds are found in all land plants, in the soils on 
which they grow, and in the bodies of all animals ; the 
quantities found, however, are small, compared to the 
amount of other matters mixed with them ; and thus 
their extraction by chemical means becomes difficult and 
expensive- Yet there are two easily available sources 
by which man is enabled largely to supply himself with 
tiese salts — namely, from the ashes of trees, and the 
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ion of nitre in the soil of India, aod othei hot 
countries. 

Salts of potassium are necessary for the growth of trees, 
and the roots of trees extract them from the soil on which 
they grow. Salts of K are not volatilised by an ordinary 
fire. Therefore, when wood is burned, they are found in 
the aehes in the form of potassium carbonate (K5CO3). In 
countries where large forests esisf, the wood is frequently 
burnt to clear the ground ; and in countries where wood is 
burned instead of coal for fuel, the ashes are collected, and 
prove the great source of potassium for the glass, soap, and 
other manufactures. 

The supply of K salt-s is limited, and not equal to the 
demand for them ; consequently, tbey are dear in price, 
icompared to the sodium salts, which can be obtained in 
any required quantity. Of late years, several new sources 
of these valiiable salts have been found. Thus it has been 
long known that vegetable food removed K salts from the 
ground on which it grew, and it is found that the wool of 
eheep contains most of these salts, eaten by the sheep in 
their food, and that by washing the wool carefully in warm 
water nearly all of them may be recovered. Wool is now 
specially washed to recover K salts from it. 



PaEPAEATiON. — Wood ashes are composed of a mixture 
of salts. Some of these are soluble in water, and some 
not. The most important of the soluble salts is KjCOj. 

tWood ashes are therefore mixed with water — lixiviated 
(from lixcvvia. lye made from ashes) — and the clear solu- 
tion boiled down in iron pota (hence the original name 
potash, the ash from the pot) ; it is finally burnt white or 
ealeined in a reverberatory furnace, and sold as American 
Bsh or pearlash, because the chief supply for England comes 
from that country, 

The term calx, Ume, and calcine — also calces, or bodies 
calcined — all relate to the operation of heating or roa&tio.'^^j 



1 



r 



48 NOTES ON METAIil. 

082X0,; and that when K,CO, is added to Ca2N0g, that 
nitre and chalk are formed — 

Ca2NCl, + KjCOj = CaCO, + 2KN0, 

Wiether the nitre found in the soil in India is produced 
by the lightning, or from the decompoBition of organic 
matter in the hot and dry soil, where it mixes with wood 
ashes thrown away by the natives from their fires, or by 
both these methods, is a matter of opiniou, 

In Sweden and other countries, nitre is artificially pre- 
pared in regular nitre plantations, where long low walls of 
mixture — organic matter, chalk, &c. — for producing nitre 
are built, screened from excessive rain, and at atiited periods 
lixiviated in water ; the insoluble part is returned, and helps 
to make new walls. The process goes on for years. 

The artificial production of nitre in countries not able 
to command free commerce with India is a matter of great 
importance, because nitre is the only salt yet found that 
can be employed in making gunpowder, which is an inti- 
mate mixture of nitre, sulphur, and charcoal. 

Properties — A white solid, crystallising in long six- 
sided prisms or columns, which are etriated (from stria, a 
streak or crease). It is soluble in 3^ times ita weight of 
cold water, and taates cooling and saline. Brown paper 
dipped in solution of nitre and dried, forms louch-^apffr, 
the continuous burning of which is due to the large quan- 
tity of contained in the nitre. When heated, nitre melts, 
and, if then cast into balls, forma the sal pfunella of the 
shops; if more strongly beated, it gives o£f part of its 0, 
forming potassium nitrite (KNO,) ; at a still higher tem- 
perature, the salt is decomposed into 0, N, and potassium 
oxide. Like potassium chlorate, nitre is frequently used 
in the laboratory to effect the oxidation of substances, on 
account of the ease with which it eliminates ; when 
thrown on'bot coals, it causes them to burn rapidly, called 
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^jlagration (from de, down, and flagro, I burn). Iron, 
Princ, and other metala also burn in it, forming oxides; 
e sulphides also, as that of antimony (SbjS^), are cod- 
I Terted into oxidea by the action of it ; the S of the sulphide, 
(being oxidised and uniting with the K, forma K^SO^ 
I (potasaium sulphate). 

GcspoWDBR. — For making gunpowder, the nitre muat 
be quite pare. Ordinary nitre contains common salt and 
other impurities, which cause the nitre to become damp in 
rainy weather, while pure nitre does not become damp 
unless actually brought into contact with water. The 
puiification of nitre is called refraction of nitre. The 
best gunpowder may be represented by the following 
formula:— (S + C3 + 2KNO3), or uitre 75, sulphur 12, and 
carbon 13 per cent., which, after combustion, will produce 
potassium sulphide (KjS), carbonic dioxide (COj), and free 
. nitrogen (N); thus: 

S + Cj + 2KN0, = KjS + SCO, + N, 

The explosive force of the powder is due to the sudden 
disengagement of the gasea CO^ and N, 



potassium: chloride. 

[KCl = 74'6.] 

Is found in sea-water, and aometinies in natural beds, 
naixed with common salt. It is valuable as a source from 
which other K salts may be made ; otherwise it is of little 
use in the arts; but it is of great use to the chemist, be- 
cause it forms a double salt with platinum chloride (PtCl,), 
ihich is insoluble in alcnhol, by means of which K may 
quantitatively estimated. 
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POTASSIUM BROMIDE. 
[KBr = 119.] 

Made in the same way as the iodide. Kesembles the 
chloride and iodide very closely. It is used in medicine. 



POTASSIUM IODIDE. 
[KI = 160.] 

This Bait is much used in mediciue, and as a teat in the 
laboratory. 

Pheparatiok. — Add I to a solution of KHO, when potas- 
eium iodide (KI) and iodate (KIO3) are formed, as in the 
preparation of the chlorate (see p. 46) — 

6KH0 + 31, = KID, + 3H,0 + 6KI 

Tlie resulting mixture of salts is then heated, to expel the 

i'roDi the KIO3, when pure KI remains. 

2. By dissolving KjCO, in hydric iodide (HI)— 

K,C0, + 2HI = CO, + 11,0 + 2KI 

3. A mixture — of iron, iodine, and water— is made ; the 

1 and Ke unite, and form a green solution of iron iodide; 
this is Ijoiled with excess of Fe, and KjCO^ added, when 
KI is produced, while a black mass of iron oxide falls to 
the bottom. 

Pkoperties. — A white solid, very soluble in water, 
crystallisiog in cubes, and deliquescing in the air. A 
solution of this salt in water can dissolve iodine, forming 
a dark brown solution. It is a test for some metals, as, 
with salts of lead, ii gives a bright yellow precipitate; 
with mercmio chloride, corrosive sublimate, it gives a 
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mf^oificent pcarlet precipitate, which is, however, Bolulile 
in an additional quantity of iodide (called being soluble in 
excesa of the precipitant). 

Hydric nitrate (HNOj), CI, and a number of other 
iiee decompose KI, separating I. (See G. N. p. 52.) 

POTASSIUM CYANIDE. 
[ECj = 65.] 

Is a salt much used by the photographers, and in the 
9 of electro -plating with silver and gold, 

Pbepabatjon. — By heiiting to redness dry potassium 

ferrocyanide (K^FeCyg) in an iron crucible. (See G. N. 

For commercial purposes, a mixture of ferro- 

ranide and carbonate (K^COg) is heated until cyanide 

KCy) swims ae a clear liquid on the surface, when it is 

i from the crucible, and poured on metal plates to 



, pROPEBTiBS. — A white, deliquescent solid, smelling like 
2 of bitter almonds; it is very soluble in water and 
tcobol. The solution easily decomposes, liberating hydrio 
e (prussic acid) HCy, and is a most powerful poison. 
laily meibi, and is then a powerful reducing agent, on 
»unt of its affinity for 0, forming a compound, KOyO, 
wta^ium cyanate), on which account it is frequently used 
8 a fiux, for, wlien heated, as, for example, with plumbic 
oxide (FbO), metallic lead is formed — 

KCy + PbO = KCjO + Pb 

POTASSIUM FERROCYANIDE.— Yellow Pbpsbiatb op Potash. 
[KjFeUy,= 368,] 

This salt is formed by heating in an iron pot organic 
matter containing N [borne, hoofs, skina, &,c.'^, K^CO^ ^'^ 
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iron (Fe). (See C. N. p. 99.) The fused mass is lixiviated 
in water, and the liquid drawn oflF, from which solution 
the salt crystallises out in large yellow four-sided pyramids. 
The salt is much used in the arts to prepare the other salts 
of cyanogen, and for the production of Prussian blue ; a 
solution of it in water is much used as a test for the salts 
of iron and copper, 

SULPHATES OF POTASSIUM. 
[KjSO^ and KIISO^.] 

The former is seldom met with, except in double salts, 
while the latter, hydro-potassium sulphate, is formed 
during the manufacture of HNO3 from nitre (see C. N. 
p. 67), and is also frequently used in the laboratory to 
effect the solution of certain bodies otherwise diflBcult to 
dissolve, for when melted it acfts more powerfully than the 
common hydrogen salt — namely, H^SG^. 

SULPinDES OF POTASSIUM. 

Thebb are five sulphides of potassium, all soluble in 
water. If H^S be passed through a solution of KHO, the 
gas 18 rapidly absorbed, and a compound (KHS) formed. 
On exposure to the air, this solution becomes yellow, 
owing to its oxidation, a compound KS being formed. 

Liver of sulphur is an impure tersulphide (3K5S3 + 
K2SO4). When potassium sulphate is heated red-hot with 
. coal, potassium sulphide K^S is formed. 

POTASSIUM BITARTRATE.-CEEAM of Taetab. 

[KH.C^H^Oe = 188.] 

Is a salt that deposits as a hard cake inside the casks in 

which new wine is stored. The salt is contained in other 

fruit besides the grape. When a hot solution of this salt 
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ifi made, the salt erystaliises in Btnall crystals on the surface, 
originally called ' cream of tartar.' It is one of tbe most 
insoluble salts of K, aud ia frequently used as a test for 
ithat metal. 

PotaascB tartras of the Pharmacopceia is made hy boiling 
K,CO, with the above salt, when dipotassiiim tartrate is 
formed (K^C.H^OJ. 

Rocltelleealt is formed by boiling a solution of cream 

I of tartar with Na,COj, when potass io -sodium tartrate ia 
formed (KNa.C.H.Os). 



TaTtar emetic is formed by boiling cream of tartar with 
pbjO,, when potasBio-antimonious tartrate is formed. 



TESTS FOR POTASSIUM SALTS. 



All the ealta of K are soluble in water, except the bi- 

.rtrate and tbe double pktiuum flalt^ 

They generally melt before the blowpipe flame, when 
heated on charcoal, and are not volatile. 

They give a violet colour to flame. 

Dihydric tartrate, Hj.CjH^Og (commonly called tartaric 
acid, because the salt tastes sour), causes ia solution of 
either KHO or KjCOj a ivhite crystalline precipitate of 
cream of tartar. The tartrate must be added in exceaa, 

I otherwise a soluble salt only is produced. The precipitate 
ifljBoluble in hot water, but insoluble in aleohoL 
* Platimdm Tetrachloride (PtCl,), commonly called bi- 
chloride of platinum, gives in solutions of K salts, to 
which HCl has been added, a yelloiv precipitate, slightly 
soluble in water, but insoluble in alcohol. 
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[Si/n^ol, Na (Natrium) ; Atomic FroporttOH, 23 ; S. g. 0'072 ; 

OcctKBESCB. — Ab widely aad similarly dietributed as 
K, Baits of the two metalti commonly occurring together in 
the Bniine subataDco. Tliia metaJ is found native in espe- 
cially large qtiaDtitics as common salt, also as carbonate, 
borate, nitrate, and sulphate. 

History.— First obtained by Sir H. Davy, a few days 
after hie discovery of the metal K, and by the same 
process. 

PnEPAHATioN. — By treating sodium carbonate (Tfa,CO,) 
with C in a similar way to that employed for the produc- 
tion of K, It is easier to make Na than K, and, as it is 
used for the production of aluminium (Al)and magnesium 
(Mg), the metal is now made in large quantities. 

PiiopERTiES. — A soft, bluiah-white, brilliant metal, rfl- 
stmhling K both in appearnnce and properties; also as 
a chemical agent it is nearly as powerful as K. When 
thrown upon water it decomposes it, liberating H, but not 
quite so energetically as K, for it does not set the H on 
fire ; it is, consequently, more manageable than that metal, 
and, being cheaper, is more generally used in chemical 
operations where these metals are required. It gives a 
yellow colour to Barae. 

Sodium with Oxtgkn, 
Sosiuu forms two compounds with — 

Soda Nb,0 

Sodium diiHtide .... JJUjOj. 

Soda is the only oxide of importance, as when dissolved in 
water it formB caustic Boda or Bodium hydrate (_NaHO). 
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SODIUM HTDRATR— Caitstic Soda. 
[NaHO = 40.] 

Pbepabation. — Can be obtained from aodiam carbonate 
(Na^COj) by the same means aa caustic potash from 
KaCOg. 

For commercial purposes, caustic soda is now lai^ely 
prepared from the ' black ash ' liquor obtained in the 
manufacture of sodium carbonate. 

Properties. — Resembles caustic potash. It is very 
largely used in the manufacture of hard soap, for, when 
boiled with fat or oil, the two unite and form a soda-soap, 
which is soluble in pure water, but insoluble in salt and 
vater. Soap made with cocoa-nut oil and Boda is, however, 
pluble in salt and water, and is called marine soap, 
ause one can wash in sea-water with it. 



[Nr,OO,+10H,O= 100+180.] 

F HiBTOBT. — Before the year 1823 the great source of 
dium carbonate was from the ashes of sea-weed. Just as 
es, that is, land 'plants, contain a large proportion of 
fdts of K, which is found in their ash after burning them 
n the form of K,COj. so eea plants contain a large pro- 
portion of salts of Na, which is found in their ash after 
burning, as NajCO,. 

Sea-weed is collected on the coasts of Scotland and 
other places and burned to an ash ; this ash is called kelp, 
barilla, or varec. 

kTbe kelp is lixiviated with water, and the clear solution 
Mirated from the insoluble portion of the ash and boiled 
wa. This solution contains, amongst others, two im- 



36 NOTES ON METALS. 

portant ingredientB, namely, sodium carbonate (NsjCOj) 
and salts of iodine (see G. N. p. lH ). The NsjCO, separates 
first from the solution as the water boils away ; the salts of 
iodine, being vei-y sohible, remain dissolved in the last 
portions of the liquid. 

Sea-weed at tLe present day is burned for the iodine 
and K it contains, and not, as was the case before 1823, 
for the saiie of the NajCO^. 

The great source of sodium is in the enormous beds of 
common salt (NaCI) found in many parte of the world. 

To convert NaCl into Na,COj was a chemical problem 
of great difficidty in the earlier days of chemistry, the 
Bolntion of which would prove of immense value, because 
a cheap alkali represents cheap glass, cheap soap, cheap 
light, cheap chloride of lime, and, consequently, cheap 
comforts, health, and cleanliness for the people, also 
cheaper and improved dyes, colours, and manufactures or 
a thousand kinds. 

The process by which this chemical change is effected 
was made known about 1776, a period so raemoiable for 
the discovery of oxygen, chlorine, and many of their com- 
pounds. It was used in France, and eventually tried in 
England in 1814 ; it was little employed, however, in this 
country until 1823, when the government removed the 
duly from salt, and allowed to burst into rapid growth 
the most remarkable, successful, and important set of 
chemical manufactures that the world has ever seen, 
affording occupation to thousands of hands and employing 
its millions of capital, namely, the great alkali manufac- 
ture of the North (of England). And the man who 
invented this process, who gave it to the world perfect — 
for it is used to-daywith the same proportions of the same 
ingredients as at first — who has caused such wealth to this 
and to other countries, such comforts to their inhabitants, 
and whose invention has done more to advance our general 
civih'satioD than perhaps any other, never reaped the 
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twaefit of his labours, but died, from blighted hope, 
1 want, in an haspital, a miserable suicide. 



HiiDi 



s Leblanc 



PHKPiBATiON. — The preparation of Na^COj by Leblano's 
wesa consists of three distinct operations : — 

1. When dihydric sulphate (HjSO^) ia poured upon 
immoE salt (NaCI), bydro-.sodium sulphate (NaHSO^) 
id HCl are produced (see C. N. p. 77). Biit if an estra 
■oportion of NaCl be used and heat employed, the 
[aHSO^ is further decomposed, more HC! given o£F, and 
i-sodium sulphate (Na^SO^) formed : — 

3NbC1 + H,SO, = Na^SO^ + 3HCL 

produce Na,SOj (called aall cal-^e) is the first part of 
le process in the manufacture of the carbonate. 

The operation is performed in large shallow circular 
on pots, placed on brickwork over a fire, and capable of 
llding several hundredweights of salt and the necessary 
lantity of H^SO, at a time. The pot is arched over, and 
le HCl aa it escapes is carried along a flue and made to 
IBS through lofty chambers, commonly round, filled 
th moist coke, on which water is all6wed slowly to 
ickle. Here the HCl is absorbed, and the liquid which 

from the bottom of the chambers is the comm,on 
matic acid of commerce. 

■2. It has been stated oo p. 13 that when a metallio 
Ifhate ia heated red-hot with C a sulphide is the 

; thus — 

Na,SO, + 4C = Na^S + 4C0. 

1 instead of heating Na^SO^ and C alone, some chalk, 
Idum carbonate (CaCOj), be added during the roasting 
■eration, disodium carbonate (Na^COj) is formed as 
Hows : — 

Na,SO, + 40 + CftCO, = OaS + 4C0 + >XUO,. 
The salt cake Na^SOj ia miaed with coal and chalk, and 
iated to redness in a reverberatory Eurnaiie. !<Laie cfciB.\k. 
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is added than is represented in the above formula, to pre- 
vent the decomposition of CaS in the after process by 
forming a double salt (Ca0.2CaS). The melted black 
maas is raked from the furnace, when the roasting is 
completed, into iron waggons, and forms when cold the 
' black ash or ball soda.' 

The manufacture of black ash is the second part of the 
process. 

3. The black ash is a mass of uncertain coroposition, 
containing a mixture of salts. The soluble part of the ash, 
composed chiefly of sodium carbonate (NajCO^), caustic 
soda (NajO), and a little undecomposed sodium sulphide 
(NaS), is the only part of use to the manufacturer. The 
insoluble part, consisting of varying proportions of CaO, CaS 
and C, is, aa far as is yet known, useless, and lies in immense 
heaps in the aoda yards an incumbrance to the maker. 

The separation of HafiO^ (called now soda ash) and 
caustic soda from the ' black ash ' is the third part of the 
process. 

The black ash is lixiviated in water, and the clear 
solution boiled down, during which operation the Ka,CO, 
separates and sinks to the bottom of the pans, when it ia 
removed by perforatetl ladles. 

After a time ail the Na,COj deposits; the remaining 
mother liquor (see C. N. p. 31), is of a red colour, called 
'red liquor,' and consists of caustic soda mixed with a 
red salt, conipoRed of sulphides of iron and sodium, and 
some other impurities. The sulphidea in this liquor are 
oxidised by forcing air through it, and by the addition of 
sodium nitrate (NaNO,). It is iinally boiled down until 
it will solidify on cooling, and sold in the market as com- 
mercial caustic soda (NaHO). 

PliOPEnT IBS.— Large crystals, which effloresce in the sur 
(see C. JV. p. 31 ) ; if heated, they melt in their water of 
crjstalUaatioa ; if the heat be continued, the whole of the 
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water may be driven off, anhydrous Na,COj remaining, 
which itself melts at a red heat without decomposition. 
The salt has a nauaeoua alkaline taete, and is verj soluble 
1 water. 



HYDRO-SODIUM CAUBONATE.-Bic-*kbonatb of Soda. 

[NaHCOj = 84,] 

Iv moistened crystals of washing soda are exposed to a 

rrent of COj, the gas is rapidly absorbed, the crystals 

Xjme warm, and tirat a sea qui carbonate and lioatly 

iTaHCO, is produced. The salt is less soluble than 

A native carbonate is found near the Black and Caspian 
, Egypt, Thibet, and other places, called natron or 



DISODTUM SULniATE.— GLAnuBR's Salt. 
[Nfl^O,+ 10H,O = 342+180.] 

Fob the preparation of this salt see Sodium Carbonate. 

The common name of Glauber's Salt has been long 

given to this body from the name of the chemist who is 

said first to have prepared it. It is an interesting salt. 

'Jt is found in many mineral springs, and is used in medi- 

le; it also forms an excellent freezing mixture when 

lely powdered and mixed with HCl, in which it rapidly 

'dissolves. When gently heated over a fire it melts in its 

water of crystallisation, the melted salt not being hotter 

than one's band if the experiment be carefully performed, 

iAhowing the absorption and loss of Ijeat by the conversion 

a solid to the state of liquid (see C. N. pp. 5, 18); 

:her, when a saturated hot solution {see C JV, p. 31) 

thia salt in water is allowed to cool in a glass flask 

•efully corked, and without being shakeo or disturbed, 

may be kept for days without any ci jataVa Aiem^ lorsnai 
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in it, but if the cork be removed and some small body be 
dropped into the liquid to cause a disturbance in it, the 
whole liquid will be suddenly formed into a mass of 
crystals. 

SODIUM SULPHITE. 

[NaaSOj+THaO = 128+126.] 

This salt is used in bleaching and dyeing as an anti- 
chlore. It is made by burning S in air, and passing the 
SOj formed into a solution or over crystals of NajCO,. 
When dilute HCl or H^SO^ is added to this salt SOj is 
evolved. A hydro-sodium sulphite (NaH.S03) may also 
be formed. 

SULPHIDES OF SODIUM 

Sbsemble the sulphides of potassium, both in number and 
properties. They may be prepared by analogous methods. 

SODIUM CHLORIDR—CoMMON Salt. 

[NaCl = 58-5.] 

Of all the salts of sodium this is the most famous and 
at the same time common, as its name common salt 
shows. 

1st. It is found native in many parts of the earth, often 
in enormous beds called rock salt, especially in Cheshire, 
Cardona in Spain, and Wielitzka in Galicia; it is also 
found near Belfast, Durham, Norwich, and other places. 
Of all the salt mines, that of Wielitzka is by far the most 
remarkable. The bed of salt in which this mine occurs 
is 500 miles long, 20 broad, and 1,200 ft. thick. There 
is a village in the mine, with a chapel, and the requisites 
of a small colony. 

2nd. From natural salt springs. Here the salt is ob- 
tained by evaporating and boiling down the brine ; brine 
IS a strong solutiou of salt in water. 
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3rd. There is the sea, which contains amongst other 
ialts a ]arge amount of NaCI dissolved in it. The salt is 
wmmonly extracted hy exposing sea-water to the sua in 
Aiallow pans and afterwards boiling down the liquid until 
nearly solid. The last portion of liquid, the mother liquor, 
contains all the most soluhle salts, and especially KCI and 
B salt of bromine. Salt obtained from the sea is impure, 
iid is known by the name of hay Bali. The mother liquor 
esuiting from the evaporation of the water of salt springs 
nd sea-water often goes by the name of bittern, as the 
Creutznach bittern (see C N. p. 78). 

Finally, salt in small quantities is found in nearly all 
joils, springs, and rivers. It ia a constant component of 
imr food, and ia present as an essential ingredient of the 
knimal frame. 

Common salt is sometimes found clear and colourless 
like glass. Such specimens of salt are very valuable, as 
Ihey are diatkermanoiis, that is, they possess the won- 
derful power of allowing the rays of heat to pass through 
them as well as the rays of light. Glass, although trans- 
iirent to the rays of light, is comparatively opaque to rays 
pf heat, as it stops 50 % of them. Water also, although 
transparent to the rays of light, is quite nondiathermanous 
to the rays of heat, if unaccompanied with light, as from 
B black kettle of boiling water ; and further, a body may 
be perfectly opaque to the rays of light and yet triins- 
parent to the rays of heat, allowing them to pass through 
-.easily (see C. N. p. 16). 

b Kock salt from the mines is impure, containing amongst 
Mtber substances magnesium chloride (MgClj), a verydeti- 
Knescent salt. The English salt is notably free from this 
H^bodyi and consequently keeps better in moist weather than 
kfbreign salt. 

I Pboperties.— White, pleasant to the taste, crystallises 
Kd cubes. Soluble in three parts of co!d water, and is re- 
naarkable aa being scarcely more soluble in hot water (see 
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C. N. p. 30). It decrepitates (from de, from, and crepitaa, 
a crackling) when heated ; fuses at a red heat, and volatilises 
at a higher tem permit lire. It la used as an antiseptic, for 
seasoning food, as a glaze for stoneware and for the manu- 
facture of British alkali (sodium carbonate). 

SoniCMBnoMiDE,NaBri Iodide, Nal ; and FLUOiiiDB,NaF; 

are all analogous to the corresponding salts of potassium. 

SODIUM NITRATE.— Or Die Nitee oe Ckili Saltpbtee. 

[NaNO. = 85.] 
Found in beds several feet thick in Peru and Chili. Aa 
it is slightly deliquescent it cannot be used for making 
gunpowder. It is largelyemployed instead of, aa formerly, 
KNO3 for the preparation of HNO3 (see C. K p. 67). 
This salt is also used aa an artiflcial n 



SODIUM DTBOKATE <ie BOBAX. ^M 

[Na,B,O..B,0,+10H,0 = 202+180.] 

Tais salt is extensively applied as a flux by solderers and 
gold and silver workers. Originally the supply came from 
Thibet, where it is picked up in crystals as a natural pro- 
duct, and sent to India tied iu ekin bags, hung round the 
necks of the herds of cattle driven by the natives over the 
Himalaya mountains. It Is called tincai in India. Borax 
is now largely made in Tuscany, where boron trioxide 
(BjOj) issues from the ground in certain places mixed with 
steam. This is collected by bringing the fumes in contact 
with NajCOj contained in pits, called lagoons. It is then 
evaporated, crystallised, and sold. 

PKOPEnTiES.^Form8 bard, clear, crystals, soluble in 
twelve parts of cold water. When heated the crystals 
froth up, gradually lose all their water of oryatallisatioD, 
and form a light feathery porous anhydrous mass, whi^ 
melts io a clear and colourless liquid at a red heat. 
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This salt, like many others, possesses the power of dia- 
ilving certain other salts, and it does this in a manner 
Dd under circumstances which render it extremely vahiable 
1 the arte and as a blowpipe fiux. This solvent action ia 
pecially shown at a red heat. When gold and other 
letals require to be soldered, it la absolutely necessaiy 
bat the two surfaces of the meta! to be joined should be 
[nite clean. To this end tlie metal may be covered with 
orax, the solder placed in the borax and heated by the 
ilowpipe flame ; the borax melts and dissolves all irtmisA 
r oxide from the gold and also from the solder, and as it 
I linuid and light compared to the metals, floats on their 
j^ace, thus protecting them from the action of the air, 
The salt has a feebly alkaline taste and reaction. 



[Na',H'.(POj)"'+ 1211,0 = 143+216.] 
The phosphates of sodinm are a very important class of 
ies to the chemist, as they illustrate in a remarkable 
anner the different classes of salts which a trivaleut non- 
layloua radical Is capable of forming. 
Pheparatioh. — By adding Na,COj to the siiperpkoa- 
>hai6 of time l-iqt).or (CaH(P,Og) obtained in the process 
of making P (see C. N. p. 89):— 
aNsjCOj + CttH,P,0, = CaCO, + H^O + CO, -f 2(Na,H.P0 J. 

Pkoperties. — Large transparent, rhombic, efflorescent 
crystals, soluble in four parts of cold water. When heated 
they melt in their water of crystallisation, and by continued 
heat lose it all, 2[Na'jH'.(P0 J'"] remaining ; by a red Iteat 
a farther molecule of H^O is expelled, leaving Na',(PjO,)" ; 
this salt is only divalent, and may be dissolved and cry- 
stallised to NajPjO,+ 10H,0, called pyrophosphate of 
sodium (from -nvp, fire, in allusion to the way itis made|. 
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nrd^^ 



If trihyrlric phosphate (H^.PO,) be added to the comTdl 
phosphate (Nn^H-PO^), a salt is formed having the fol- 
lowing composition: 2(NaIIj.POj + lIjO), dihydro-sodium 
phosphate ; or if HNO3 he added to the common phosphate 
the same salt is produced. When thia salt 2(NaHj,P0,+ 
HjO) ia heated it first loses the H,0 ita water of crjstalliaa- 
tion, and at a higher temperature other H^O, leaving 
Na,H,P,Oj, and at a still higher temperature another 
molecnle of H,0 is expelled, leaving 2[Na'(P03)'] a salt 
called sodium meta- or monophosphate. In this ca?e we 
have onlj a univalent salt. If a liot solution of ammonium 
chloride be added to a hot solution of common phosphate, s. 
salt crystallises out called microcoHmicsalt(Na(H^N)H.P04 
+ 4HjO), hydro -sodium-ainmonium phosphate. This salt 
is much used in blowpipe experiments, for when heated 
all the volatile radicals escape, NaPO, remaining, and this 
metaphospliate is like boras, for when melted it dissolves 
many salts, and forms with certain of them characteristic 
coloured beads or glasses. 

If caustic soda be added to the common phosphate there 
is produced ti'i-sodium phosphate, NayPO,)'". 

The common phosphate gives a yellow precipitate with 
silver nitrat-e (AgNO,), while the metaphosphate gives a 
white, gelatinous precipitate with that test, and the pyro- 
phosphate a dense white one. ^_ 



SILICATES OF SODIUM. ^B 

Thetie are many natural minerals found, containing Na 
and SiOj, most of them possessing a very complicated 
formula. Whenever silica or sand ia heated sufficiently 
with soda, the two melt together, glass being the result. 

Glass is an artificial aUicate. The Bohemian, generally 
called German glass, of which chemical apparatus Is made, 
is bard and difficult to melt. It ia composed of sand, 



GLASS. — LITHIUM, 



^kotaah, and lime (CaO). English and French white win- 
dow? glass is 6oft, and composed of sand, soda, and lime, 
English Bint and optical glass is composed of sand, potash, 
a-Ud lead (as oxide). Green bottle glass is made from im- 
pvire materials, and contaana iron (as oxide), which gives 
the colour. 

Coloured glass is made by adding to the mixture of 
oaaterials some special body to give the colour desired ; or 
the colour is painted on the glass and then burnt in, melted 
on by the furnace. Thus ' reds ' are produced by a salt of 
gold called ' gold purple,' or the red oxide of copper ; blue 
by a Bait of cobalt; white hy tin oxide, &c. 

Paste to imitate jewels is a glass composed of sand, 
potash, and half its weight of lead (oxide). This glass 
easily melts, and has a high refracting power. 

In silicates the more silica and less alkali, the more in- 
sjluhle is the compound and the more difficult to fuae ; 
tbe more alkali and the less silica the more fusible and 
the more soluble is the compound, until a glass may be 
made that will dissolve in hot water, called aoluble glass. 

TESTS FOR SODIUM SALTS. 
There is no good test for these salts. They give a 
yellow colour to Same, and are mostly colourless and 
soluble in water. 



LITHIUM. 



l&/mbol, Li; Atomic Praportion, 7; Deiudty, 0-59; MeUiiig I'oint, 
180= C] 

HisroBT. — Lithia, that is lithium oxide (Li^O), was first 
obtained by Arfvedeon, in the laboratory of Berzetius in 
1817. The name is derived from Xt'flor, a stone, as it was 
first obtained from a hard mineral. The metal first pro- 
duced in quantity by Bunsen from litliiuia (M.OTviftV^\^, 
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by the electric current.. It is a rare metal, although its 
compounds are very widely distributed in very small 
quantities in rocks, spring waters, and the ashes of many 
plants. 

The salts of lithium are chiefly obtained from the mine- 
rals called lepidolite, spodumene, aod petalite, 

Propehties. — The metal is the lightest known, as it 
swims in naphtha. It ia white, harder than K, but softer 
than lead. Can be drawn into wire, is volatile, and de- 
composes water like Na. It forms an oxide and other 
Baits, which resemble those of K and Na, except that they 
are somewhat less soluble in water, and give a brilliant 
crimson colour to flame. The salts of lithium are used in 
medicine. 



RUBIDIUM. ^ 

[»/mioi, Rb ; Atomic rroportion, 85'36 ; S.g. 1-62 ; MeUi, SS-S" C] 

HiSTOBT. — Discovered in 1860 by Bunsen and Kirchhoff, 
and named (from ruhiduB, dark red) on account of the 
colour of the lines it gives in the spectrum. It resem- 
bles K. 



CESIUM. 

[SymholQa; Aiomie Trtgiortion, l^^.'] 

History, — Discovered by the same men at the same 
time as rubidium. This is named (from assiuB, sky blue) 
on account of the colour of the lines it gives in the spec- 
trum, and it was by means of the spectrum that both 
these elements were discovered. Ciesium is the most 
electro-positive of all the demexAs. 



AMMONIUM. 

l&/mbol, H,N ; Combminff Froportiou, 18.] 

Tfb existence of the compound radical H,N is far more 
i assumed than proved. It may be classed amongst the 
I' compound liasylous radicals. 

It has never been isolated, although there is one experi- 
zaent which aeema almost to show its existence ; namely, 
when an amalgam of sodium and mercury ia placed in a 
saturated solution of ammonium chloride (H,NCi), the 
mercury {Hg} swells up in a most remarkable manner to 
ten times its original size. If this spongy mass of mer- 
cury be analysed it is found to contain Hg + N + H^, or it 
may be looked upon as an ammonium amalgam (H,N.Hg). 
The spongy mass of mercury cannot be preserved, for as 
soon as it baa ceased to grow in size it begins to decrease, 
giving off HjN and H, until after a short time globules of 
mercury alone are left. The salts of H^N resemble the salts 
of K, Na, Li juat as closely as the salts of CN {cyanogen) 
resemble the salts of CI, I, and Br, so that H^N has as 
iDUch right to be considered a basylous radical aa CN has 
to be considered a non-basylous radical. 

SOLUTION OF AMMONIA. 
[HjN+H,0 = HjNO = (H^N)H.O.] 
Ammonia gaa is very soluble in water. {See 0. N. p. 65.) 
On heating a. solution of it in water the HjN is given off 
uncombined with H^O, consequently the chemical affinity 
between the two is very feeble. Although {H(N)H.Omay 
be considered as ammonium hydrate having a similar com- 
position to KH.O, yet in this respect they differ, for no 
heat is able to separate 11,0 from 2KH0. 
I Solution of ammonia is one of the commonest tests in. 
bihe laborator/. It precipitates a great n.um\)« oi Q-^&a* 
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from solution, some of which are soluble in eroesa^M 
aiamonia solutioD, e.g. copper. 

The liquid haa a powerful odour of the gas, and is called 
caustic ammonia from ita alkaline and burning effects on 
the skin. 



AMMONIUM CHLORIDE.— Sal jVhmonuo. ■ 

[H^NCI=63-5.] ^ 

This is the moat important aalt of ammonium, 

Prbparation. — It is almost iiniverBally formed by 
bringiuK H^N in contact with HCl. The two have a 
great affinity for one another, and combine at once, form- 
ing H,NCl = HjN.HCl, which is a white aoUd very soluble 
in water. 

1. — Whenever organic matter containing N is distilled, 
HjN ia given off. Coals contain N ; coals are largely dis- 
tilled to produce coal gas (see G. N. p. 102), during the 
formation of which great quantities of HjN are generated 
and collected or retained in the 'gas liquor.' 

Organic matter is frequently spoken of as containing N" 
or not. All organic matter contains C, and some one or more 
elements besides, but N is not always present. Such bodies 
Bs flesh, horns, skins, albumen, gluten, gelatine, all con- 
tain N, and as they also possess H, will when distilled 
give HjN; e.g. the horns of the hart used to be distilled 
for the ammonia given off from them, bence the name 
'spirit of hartshorn.' Sugar, fat, oil, alcohol, and others 
have no N, and consequently cannot produce H^N, 

2.*—' Gas-liquor ' is mixed with HCl and boiled down ; or 
the ' liquor ' is mixed with a little lime and boiled, and 
the HgN as it escapes made to pass into HCl, when it is 
at once aVjsorbed, forming H^NCl. 

The salt is either allowed to crystallise out of a hot 
solution — when it appeals a& a powder, but consists oL . 
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^TCiinute crystals — or the solution is boiled dry and sublimed 
(see C. N. p. 6) in shallow pans, one inverted over the 
other. The chloride condenses on the inside of the upper 

Bpan, and is sent into the market in semi-round, tough, 

npbrous masses. 



AMMONIUM SULPILkTE. 
[(H,N),SO,.] 

pRBPABED from gas liquor by boiling it with iv little lime, 
md retaining the H.N in HjSO^. 
Used as a manure, and for rendering muslins non- 
mmable by dipping them in a solution of the salt. 



AMMONIUM NITRATE. 
[H,N.NOj.] 

\ This salt ia of importance, aa it is the one from whicli 
Utrous oxide (NjO) is usually made (see C. K p. 68), 
bydric nitrate and ammonium carbonate are mined and 
the salt allowed to crystallise out. It is deliquescent and 
requires to be kept carefully from the air. The salt pro- 

t;cea great cold when dissolved in water, and is often used 
an artificial /reesin^ miidure. 
T 
: 

Prepabation. — By mixing chalk (CaCO^) and either the 
sulphate or chloride of ammonium, applying beat, and 
collecting the product in leaden vessels. Large quantities 
of free \i^ are generated at the same time : 
6n,NCl + 3CaC0, = 3CaCi, + 3[3{HjN).CO^].CO^+ SH^N + H^i 



AMMONIUM CARBONATES, 

I ToERK are several carbonates of ammonium, only one 
t which is important, namely the common smellimf/ salts 
' the shops 2[2(H^N).C03].COj, sesquicarbonate of am- 
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Properties, — A white mass, volatile, like 
smell, becomes powdery on the surface after expoaure to 
the air from formation of bicarbonate. Soluble in cold 
watiOr, but decomposed by boiling. Its solution ia mutjiii 
used as a test. 



HYDR0-A3tM0NIUM SULPHIDE. 

[(H,N)II.S = 51.] 
This salt is commonly used as a teat in the laborat 






to precipitate many of the metals. (Seep. 11.) It is 
made by passing HgS through a solution of ammonia. At 
first the liquid is colourless, but on keeping it becomea 
yellow from absorption of and formation of the yellow 
bisulphide of ammonium (H,N)5S, and an salt. Other 
aulphides of ammonium exist, all of which are soluble in 
water. 

TESTS FOB AMMONIUM. 

The salts of ammonium are volatile and may be sub- 
limed, but if the Don-basylouB element in the salt is non- 
volalile, as in the phosphate, the salt is decomposed by 
the heat, HgN and water only going off. 

Whenever lime {CaO} or, better atill, calcium hydrate 
{CaHjOg), is added to any salt of ammonium, vapours of 
HgN are quickly given off, which may be recognised by 
their smell or by test-paper. {See C. JV. p, 65.) Caustic 
potash or soda act like lime, but more energetically. 

Dihydric tartrate (Hj.GjH^Og) and platinum tetrachlo- 
ride (PtCl,) give precipitates with salts of e 
analogous to those of K. 
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: Alkaline Eabths. 



The metals of the alkaline earths are four in number, 
uamel;: — 



Ba 



Calcium 

Magnesiui 



Mg 



Before the year 1807 the existence of any of the light 
metals of the first division (p. 40) was not known. 

Lime, which is calcium oxide (CaO), was known long 
ibefore the metal Ca was discovered. It was considered to 

a simple or elementary substance, because it had not, 
up to that time, been proved to be a compound ; so, from 
its white, earthy appearance, and its caustic, alkaline pro- 
jwrties, it was called an alkaline earth. The same term, 
alkaline earth, was applied to the oxides, commonly called 
i)aryta{B&0),strontia{SrO),a,udma(ine8ia(M.gO),asthey 
were severally discovered. These alkaline earths are only 
slightly soluble in water, to which, however, they give 
an alkaline tiiste, and the property of turning red litmus 
paper blue, and yellow turmeric paper brown. 

The early chemists confounded lime and magnesia to- 
gether, under the term ten-a; ahaorhendes. 

This group of metals is distinguished from group A as • 
follows : — 

let. The metals of this group are all divalent, and 
heavier than water. They also decompose water far less 
lapidly than group A, magnesium requiring the water to 
"be warm before it can decompose it, 

2nd. Their oxides and sulphides are less soluble in 
voter. 

3rd. Their carbonates are insoluble in pure water, but 

e soluble in water containing CO, dissolved in it. (See 
CJIT. p. 61.) 
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4th. Their sulphates- 
re. Barium sulphate is one of the most insoluhle s: 
known. 

b. Strontium sulphate ia very insoluhle, but less bcj 
than barium sulphate. 

c. Calcium Bulphate is moderately insoluhle, namely^^ 
about 1 grain in an ounce of water. 

/, Magnesium sulphate is very soluble in water. 

e salts of the metal magnesium bejir a great res 
blance to those of zinc and cadmium, on which accouat 
these three metals are sometimes placed in a separate class, 
called the magnesian metah. 



res^^l 
:;couat 

! class. 



BARIUM. 

[,^M,Ba; Atomic PropoHian, 137; S.g. 4<».] 

OcccRBENOB. — Found in the native minerala Imavy-spt 
barium sulphate (hence the name bariuvi, from ^apvs, 
heavy), and witherite, barium carbonate, ao called from 
Dr. Withering, its discoverer. Both minerala are found in 
large quantities^ in the north of England, commonly near 
lead ore. 

HiSTOBT. — This metal was first obtained by Sir H. Davy. 
When pure, it is said to he pale yellow. It is with dif- 
ficulty obtained by passing a strong electrical current 
through the fused chloride ; and, as it is not used for any 
chemical purpose, specimens of the metal are scarce. It 
decomposes water, and oxidises in the air very rapidly. 

Barium with Oxygen. 
Babidm forms two compounds with 0, namely — 
Baryta BaO 
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BAiODM OXIDE.— Baryta. 
[BftO = 153.] 
—Baryta was diecovered by Scheeie in 1774. 

Pbbpaeation. — By beating "barium nitrate {BaSiNOj} to 
redness in a crucible, wben BaO remaius. 

It is never made, like CaO, by heating the carbonate to 
redneBS, on account of the very bigh temperature required 
\ to aeparate CO^ from BaCOj (barium carbonate). 

PflOPERTiEs.— A grey mass ; absorbs CO, from the air, 

orming barium carbonate, and also water, forming a 

iiydrate; and, if mixed with one-eighth of its weight of 

rater, it slakea very much like lime under similar cir- 

pametances. 

BARIUM HYDRATE.— Htdkatb of Baryta. 

'„ orE(i(BO)j = BaO.Hp; when cryfitallised, BaH,Oa.8H,0,] 

Is either a white solid powder, or in crystals; it is 
lolubleln 3 parts of boiling and 20 parts of cold water. 
lie solution baa a very remarkable affiaity for, or desire 
I absorb, CO, ; consequentiy, baryta-water is frequently 
ised as a test for COg, instead of lime-water ; it is used in 
t similar manner to tbe latter, and forms a white precipitate 
f barium carbonate (BaCO,}. 



BARIUM DIOXIDE.- Peeoxibj! or Baricm. 
[BaO, = 160.] 

This Compound is the one generally recommended to 
1 uaed for the production of that curious compound, 
wdrogen dioxide, or peroxide of hydrogen (H^Oj^SHO). 

[ Preparation. — Either by heating BaO in a current of 
f gas, or in a crucible, mixed with potassiimi chlorate. 
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Properties. — rMixed with water, it forms a white solid 
hydrate (BaOa.GHjO), which is insoluble in water. When 
dilute H2SO4 is added to the hydrate, BaS04 is precipitated, 
and HjOj is liberated, which dissolves in the water. 

BARIUM SULPHATE.— Hbatt-Spab. 
[BaSO^ = 233.] 

This mineral is one of the principal sources of barium 
compounds. It is used under the name of permanent 
white, as a substitute for the paint called white lead, and* 
sometimes to adulterate it. It is not soluble in water, nor 
is it acted upon by any chemical salt. When, however, it 
is mixed with C, and strongly heated, it obeys the law of 
all sulphates, and becomes converted into BaS (barium 
sulphide), which is decomposed easily by 2HC1, forming 
BaCla and H^S. 

BARIUM CHLORIDE. 

[BaOL, = 208.] 

A SOLUTION of this salt in water is one of the most im- 
portant laboratory tests, as it forms a white insoluble pre- 
cipitate of BaSO^ when added to a solution of any sulphate 

(say MgSOJ. 

Preparation. — Either by decomposing witheriteiJRdXiO^ 
in HCl, or by decomposing BaS, the sulphide formed by 
heating BaSO^ and C together, in HCl : — 

BaCO, + 2HC1 = BaCL -f CO3 + H^O 
BaS + 2HC1 = BaClj -t H^S 

Properties. — Crystallises in beautiful pearly plates 
(BaCl2.2H30). Soluble in twice its weight of cold water, 
but is insoluble in a strong solution of HCl. When test- 
ing for a sulphate by BaClg, in presence of HCl, any white 
precipitate produced should be mixed with water, to see 
whether it is soluble in that liquid, as the precipitate may 
be only BaCl^, and not BaS04. 



BAKIUM NITRATE, CABBONATE, AKD SULPHIDE. 



BARIUM NITRATE. 
[Bii2N0, or Ba^%Oo = 261 



■^ BAKIU 

^VTms salt is sometimea used in the laboratory as a. test 
^Kr sulphates, when it is not desirable to use BaClj, to 
^Evoid getting CI in the solution to be tested. It is also, 
as well as the chloride, used in fireworks t-o produce green 
iire. It is easily made by dissolving either witherite or 
BaS in dilute HNO^. Requires eight times its own weight 
i)f cold water for solution. Wbeu heated it melts, at a 
higher temperature boils upj fumes are given ofiF, and, 
finally, BaO r 



BARIUM CARBONATE.— Witherite, 

[BaCO, = 197.] 

Is found native as a white mineral. It may be formed 
I artificially by adding any soluble carbonate, aa the car- 
' mate of potassium, sodium, or ammonium, to any soluble 
aJt of barium, aa the nitrate or chloride. It is insoluble 
1 water, but like calcium carbonate soluble in water 
(ontaining COj dissolved in it. 

BARIUM SULPHIDE. 

[BaS = 169,] 

I This compound may be formed by heating heavy-spar 
^B with C, and dissolving the mass in water. It is sometimes 
^Hked ae a depilatory. 

\ OiHEB salts of barium, as the Iodide, Chlorate, Sul- 
pliite, Phosphate, &c., may be formed ; they are, however, 
of comparatively little importance. 
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TESTS FOR BARIUM SALTS. 

All the soluble salts of barium are poisonous. The 
antidote is glauber salt (sodium sulphate), or Epsom salt 
(magnesium sulphate), because — 

Any soluble salt of barium is precipitated as a white in- 
soluble solid (BaSO^) by a soluble sulphate, even CaSO^, and 
of course any soluble sulphate is precipitated by a soluble 
salt of barium ; the solution to be tested, however, ahoiM 
always have a few drops of HCl or HNO3 added to it, as 
otherwise the white precipitate might be carbonate, phos- 
phate, or oxalate of barium. 

With the soluble carbonates, as of potassium and sodium, 
a soluble salt of barium gives a white precipitate of barium 
carbonate (BaCOg). 



STRONTIUM. 

ISt/mbol, Sr ; Atomic Proportion, 87*6 j S.g, 2*64.] 

Occurrence. — This element is much more scarce than 
barium, which, however, it very closely resembles. It is 
found as strontianite^ a native carbonate, and as celesUne, 
a native sulphate, so named because it is sometimes of a 
beautiful blue colour. 

History. — First found, as carbonate, at Strontian, in 
Argylshire, in 1787, and mistaken for barium carbonate. 
In 1792, Dr. Hope pointed it out as a peculiar earth. The 
metal was first obtained by Davy in 1808. The method 
of preparation and the properties of the metal resemble 
those of Ba very closely. 

Strontium with Oxygen. 

Only one oxide of strontium has as yet been formed, 
namely, Strontia (SrO), which closely resembles the cor- 
responding barium oxide. 
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STRONTIUM NTTRATE. 
[Sr(NO,), = 211.] 
This salt may be formed similarly to the barium nitrate. 
forma crystals, containing Sr(N03)y5HjO, which are 
luble in five parts of cold water. 

This salt, dried and free from H,0, is much used by 
ework-makers to produce a splendid red fire. 

TESTS FOR STRONTIUM SALTS. 

Thbt give a red colour to flame, which must not be 
konded with the colours produced by lithium and 
Icium under similar circumstances. These salts are not 
mgoaous. 

Oarbonatee of potassium and sodium give white in- 
lluble precipitates in salts of strontium, which are, bow- 
er, soluble in water containing CO^. 
Soluble sulphates give a white precipitate with salts of 
rontium, but the precipitate does not show itself imme- 
tely in dilute solutions, owing to the partial solubility 
f the strontium sulphate. 



CALCIUM. 

[Symbol, Ca ; Aiomie Proportion, 40 ; S.g. 1'57S,] 

OcomBENCE. — Next to silica and alumina, the salts of 
Icium, principally the carbonate and sulphate, are the 
ist abundant minerals. They form whole mountains 
i deposits as chalk, marble, mountain limestone, blue 
», &c. (CaCO,), and gypsum (CaSOJ. The phosphate 
l,P,Og) forms the solid part of bones ; the chief part of 
i ahells of eggs, crabs, oysters, and other Crustacea being 
of CaCOj. 
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HiSTOHT. — Firat obtained by Sir H. Davy in 1808. iT 
is a yellowish, ligbt metal, malleable, and harder than lead. 
It BOOH tarnisbes in the air, and burns with a brilliant 
white light when heated in it. The metal may be obtained 
by decomposing one of its salts with a powerful electric 
current. Black, in 1756, first showed the difference be- 
tween burnt and unburnt lime. (See 0. N. p. 61.) 

CALCIUM OXIDE.— QniOK-LncE. 
[C»0 = 56.] 

This substance has been known from tbe earliest times. 
It ia obtained by beating the native carbonate to redness. 

Lime Burning. Lime Kilns. — Lime burning is carried 
on to a very great extent in many parts of England, and 
other countries where limestone ia foiind, because itmfi(CaO) 
and saiid (SiO,) form mortar. The process of lime burning 
depeudw upon the fact that, when any form of calcium 
carbonate (CaCOj), as marble, limestone, or chalk is heat«d 
red-hot in a current of air, CO, is given off, CaO, as a 
white or grey mass, according to the purity of tbe material 
used, remaining (CaC03= CaO.COj). In the laboratory, 
this may be accomplished by bunung pieces of marble in 
a crucible with a hole at the bottom ; at the lime-pite, 
limestone is burnt in Hlns, which may be termed large I 
crucibles, with the fire lighted inside tbem, at the ' 
bottom ; layers of stone and coal are repeatedly heaped on 
the t^p of one another, volumes of CO, escape, and the 
lime (CaO), as it is ready, raied out at the bottom, so t^at 
the process is a continuous one. 

Properties. — This body possesaes a great affinity for 
water, with which it forma a solid hydrate. On account 
of its power of abstracting water, it is frequently employed 
in tbe laboratory to dry gases, and deprive other bodies 
also of moisture. When mixed with cold water, it be- 
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comes hot, owing to the chemical action between the 
water and the CaO ; the mass crEicks, and falls to powder, 
the powder occupying more space than tiie original lime, 
on which account, as the lime appeared to he ahve, from 
ihus cracking and increasing in size, it has received the 
name of quick- or Live-lime ; and the process of throwing 
water on it is called slaking, the lime appearing to be 
thirsty, owing to the quantity of water it absorbs or drinks 
up ; 80, when its thirst is quenched, it is said to be slaked, 
and, after it has fallen to powder, it is often called slacked 
lime, that is, loose or powdered Hme. When once united 
with water, a similar action cannot again be brought about, 
unless the powder be reheated. Quick-limn ia very caustic 
and burning to the skin ; it cannot be Tnelted when pure, 
and, as it emits a beautiful white light when intensely 
heated, it is used for the lime-light, which consists of a 
small cylinder of well-burnt CaO, heated to intense white- 
ness by the osy-hydrogen gas flame. It is also made into 
crucibles, for use with the same flame ; in these platinum 
may be melted. 

CALCruM HYDRATE.— Slaked LncB. 

([CnHjO,, or Ca(HO), = CftO.H,0.] 
FosuED by pouring water upon well-burned CaO, when 
ithe mass swells up, steams, and, if too much water has not 
been added, a light white powder is formed. The heat 
produced by the chemical union of the CaO and H^O ia so 
I great that meat may be cooked by it, and workmen com- 
monly warm their food by slaking a little lime, and placing 
tlie vessel containing the food over it, as if over a lire. If 
a larger quantity of water be added, and the mass stirred, 
a white sludge is formed, called lime-waeh, or milk of 
lime. If a small quantity of lime is shaken with a still 
larger quantity of water, and allowed to settle, the clear 
liquid forms lime-water, used as a test for CO,. (See 
C.ff. p. 61.) Lime-water, if exposed to the air, soon be- 
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comes covered by a thin film of a white substance, which 
is CaCOg, formed by COj absorbed from the air by the 
lime-water. Lime-water contains about 1 part of CaO in 
700 of water, or half a grain to an ounce. The solution 
has an alkaline taste and reaction. 

If CaHjOg be heated red-hot, HjO is given off, CaO re- 
maining. It is owing to the great power CaO possesses of 
abstracting water and CO^ from the air that quick4im 
cannot be long preserved, unless kept in closely covered 
vessels. 

Mortars and Cements. — The chemistry of the diflference 
between mortars and cements, hydraulic limes (from viop, 
water, because they will set firm even in water), and 
others, is obscure. 

If a lime is nearly pure, it is called a fai lime. If it 
contain a large quantity of impurity, as sand, clay, &c., it 
is called a poor lime. 

Mortar is lime and sand mixed together, and aflerwardb 
worked to the consistency of a stiff mud with water. 

Cement is lime and clay; it appears to be a necessity 
that the clay should contain free silica and oxide of iron. 
There must be at least 1 5 % of clay in a lime to form a 
cement. Roman cement is a poor lime, which contains 
the proper quantity of clay, &c. to enable it, after being 
burned, to. set rapidly under water. 

Lime is further extensively used as a manure; in the 
purification of coal-gas ; to remove the hair from hides, in 
the process of tanning, on account of its caustic properties; ■ 
and in the manufacture of a number of other articles. 

CALCIUM CARBONATE.— Carbonate of Lime. 
[CaCOg or CaCCO^ = 100.] 

This mineral is found in some parts of the earth in 
enormous masses. Thus, as limestone, it forms very ex- 
tensive beds of deposit in the earth, as well as great rocb 



CALCIUM CABBOXATE. SI 

imt of it ; and, as chalk, it composes the downs and cliffn 
of the south of England. When crystaJline, it forms all 
the different kinds of marble, and further is the principal 
component of the geological formation called the oolitn 
(from aov, an egg, and \iffos, a stone), calcareous marl, 
mountain limestone, lias, shells of all kinds, and corals. 
It is seliloni met with pure. It forroa an extraordinary 
nuniher of crystals, of which dog-tooth spar and the aix- 
sided prism are perhaps the most common English forms ; it 
is therefore dimorphous. (See C ^. p. 29.) Aa Iceland spar, 
it 18 most invaluable to the optician, owing to the peculiar 
way it acts on rays of light passing through it, and, as a 
pearl, ifl very valuable to the jeweller. 

It is formed whenever a soluble carbonate (say NajCO^) 
is added to a soluble salt of calcium (say CaCl^). 

PaoPEBTiES. — Calcium carbonate is decomposed by the 
three H salts, HCl, HNO3, or H^SO^, with escape of COj, 
Mid formatioQ of a. corresponding compound with the non- 
Wyious radical of the H salt (see C. N. p. 61): — 

2HN0, + CbCO, = CaSNOj -t- HjO + CO, 

It is decomposed by a red heat in a current of air, with 
escape of COj. (See Lime bm-nmi/.) 

It is insoluble in pure water, but soluble In water con- 
laining COj in solution; this accounts for chalk being 
t'mnd dissolved in nearly all natural waters. Water con- 
taining large quantities of chalk dissolved in it deposits a 
LpWtion of this if allowed to trickle over a rough surface, 
^^ rfowly to drop from a small hole; in the former case, 
Kw effects of the petrifying wells of Derbyshire and other 
B^Bces are produced ; and in the latter, the stalactites and 
Bftalagmitea with which many caves are adorned. 
^L Waters containing CaCOj in solution have the whole of 
BR preeipitated by boiling them ; this drives off the CO,, 
Wb the action of which the CaCO, is kept in aolution. 
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(See G. N. p. 57.) The CaCOg may also be precipitated by 
the addition of the proper quantity of lime-watar to unite 
with the COj contained in the water itself, when the whole 
lime is precipitated as insoluble CaCOj. 

CALCIUM SULPHATE.— Gypsum. 
[CaSO^ = 130.] 

This mineral is found in very large quantities in Derby- 
shire, Paris, and some other localities. It is a common 
constituent of spring water (see C. i\r. p 57), causing per- 
manent hardness. 

Gypsum, as dug out of the earth, usually contains two 
molecules of water of crystallisation, CaS04.2H20. When 
heated to about 130° C. (266° F.), it loses 2Rfi, and the 
remaining CaS04, if mixed with water, will set to a hard 
mass, called plaster of Paris. When the gypsum is heated 
much above the temperature mentioned, it will not after- 
wards set when mixed with water. 

Gypsum is soluble in about 400 parts of cold water, or 
I grain in an ounce. A solution of CaSO^ is used in the 
laboratory as a test, to show the presence of a salt of 
barium when mixed with one of calcium ; because solution 
of gypsum will produce a white precipitate of BaSO^ when 
added to a solution of any barium salt. (See p. 76.) 
Gypsum is insoluble in alcohol. 

A white precipitate of CaSO^ is produced whenever 
H2SO4 is added to a strong solution of a calcium salt (say 
a solution of CaClg), but not if the solution is so dilute as 
to produce less than I grain of CaSO^ to the ounce of 
solution. In testing, therefore, care must be had to the 
strength of the solutions used. 

Native CaSO^ is called anhydHte ; CaS04.2H20 is named 
gypsum and selenite; when compact and quite white, 
alabaster. 
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TRICALCIUM PHnSPILVTE.— Phosphate of Limb.— Bo.vk 

[CajPjOg or Ca",2(P0,)"' = 310,] 
This natural product is the most common and important 
of the mauy phosphates of calcium known to exist. Its 
principal artificial uses are for the production of phos- 
phorus (see C. N. p. 89) and as a manure for the land. A 
man or animal does of course eat its bones in the shape of 
food before it can increase them. All animal food comea 
directly or indirectly from the land. Land is apt to get 
exhausted of its supply of phosphate, unless the same, in 
the shape of manure, is returned to it in proportion aa 
each Buccessive set of crops removes the same. From the 
great consumption of food in towns, and loss from present 
sanatory arrangements of the same food as manure to the 
piand, bones of animals as well as guano are now brought 
flrom South America and other countries to supply this 
^^Ba of phosphates. They are decomposetl by HjSO,, and 
^Kmverted into Buperplios'^hate of lime (see C, N. p. 89), 
^Bhich, being soluble in water, can easily be absorbed by the 
BBt owing plant, and are especially adapted for turnips, &c. 
^ Tricalcium phosphate occurs as a natural mineral, called 
mJSoproHte, and, crystallised, as the mineral apatite. It is 
^fesoluble iu water, but is soluble in solutions of the salts 
^■€1 and HNOj, or hydric acetate, from which solutions it 
^Kay be again precipitated, unchanged, by the addition of 
^Blution of ammonia, 

H SULPHIDES OF CALCIUM. 

^M Calcium forms several sulphides, which are more or leas 

^ftluble in water. 

H CALCIUM CIILOKIDE. 

H [CttCl, = 111.] 

^H This body is produced in the formation and production of 

^■P, from marble. (SeeC. A', p. 61.) It is of great value 



84 NOTES ON METALS. 

in the laboratory, as it is far more used than any other 
deaiccant (from de, from, and siccus, dry), on account of its 
extraordinary deliquescent properties, absorbing moisture 
with a rapidity that is truly wonderful. 

It melts at a red heat, is very soluble in water, and may 
be crystallised in long crystals containing CaClg-GHgO. 
Gives a red colour to flame. Is found in some mineral 
waters. When mixed with snow, or powdered ice, pro- 
duces a powerful freezing mixture. 

CALCIUM FLUORIDR— Fltjob Spar. 
[CaF, = 78.] 

Found as a natural mineral in Derbyshire, Cumberland, 
and many other places. Occurs commonly in cubical 
crystals. When coloured blue, forms the blue John of 
Derbyshire. 

It is the chief source of all the compounds of fluorine; 
it is insoluble in water and most other liquids ; it is de- 
composed by H2SO4, with production of hydric fluoride, 
HF (see C. N. p. 81), which is used, both as a gas and in 
solution in water, for writing on glass. 

CHLORIDE OF LIME.— Bleaching Powdeb. 

This substance is now manufactured in enormous 
quantities, owing to its great value as a disinfectant and 
bleaching agent, and its cheapness. 

A solution of the salt HCl is now obtained as a waste 
product from the manufacture of carbonate of soda. (See 
p. 57.) 

Chlorine gas is easily obtained by mixing HCl and MnO, 
together. (See C. N. p. 75.) The mineral manganese 
(MnOg) is not expensive. 

Lime can easily be obtained ; and, as there is a great 
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aeinand for it, and an abundant supply o£ it, its price is 
also low. 

Chloride of lime is made bj placing slaked lime on 
shelves in a room, and allowing CI gaa to pass over them. 
The lime absorbs the gas freely, bleaching powder being 
the result. This powder contains (1) a salt called calcium 
hypochlorite (CaCIaO, or CaSClO}; (2) calcium chloride 
(CaClj) formed at the same time; and (3), as the opera- 
tion is never carried on so as to decompose the whole of 
the lime, there is also free CaO present (see C, N. p. 76) — 
2Caa.O, + 2C1, = OaCl, + CaCl,Oj + 2H,0 
S(Ca2H0) + 4C1 = CaOla + Ca2C10 + 2H^0 
iThe powder absorbs moisture from the air, owing to the 
iCl, which it contains. It smells differently from CI, 
d is partially soluble in water ; the CaClj and the CaCl,Oj 
Baolve, leaving the excess of lime behind. This solution 
BQaed for bleaching, as then the solid lime does not be- 
me mixed with the fabric to be bleached. 
L When exposed to the air, the calcium hypochlorite 
Jowly decomposes, liberating and CI gases, both of which 
Bess great bleaching and disinfecting properties, when 
ihua liberated in the nascent state. (See p. 25.) 

CALCIUM OXALATE. 
[CaC,0..ail,0 or CaO, 0^0^+ 211,0 = 128+36.} 
This body is only important aa being the form in which 
calcium is generally precipitated from its solutions by the 
motion of ammonium oxalate l2(KJ<Y.(Gfi^)" + '2'H.fi']. It 
is a white powder, insoluble in water. It is the only oxalate 
which is insoluble in hydric acetate (HA or H.C,HgOj). At 
100° C. it loses its 2HjO, and at a dull red heat is con- 
certed into calcium carbonate (CaCOj), the gas CO 
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TESTS FOR SALTS OF LIME. 

The soluble carbonates give white insoluble precipitates 
of calcium carbonate, 

Dihydric sulphate (in strong solutions only) gives a 
white precipitate of CaSO^. (See p. 82.) 

ATriTYioniuTYi oxalate gives a white precipitate of CaCgO^, 
which is insoluble in hydric acetate, but soluble in hydric 
chloride. 

Calcium chloride gives a red colour to flame, which must 
not be confounded with the similar colours produced by 
strontium and lithium. 



MAGNESIUM. 

[Symbol, Mg; Atomic Proportion, 24; S.ff. 1*74.] 

Occurrence. — Magnesium salts are widely distributed 
through the crust of the earth, but do not occur in 
such gigantic masses as the calcium salts. Dolomite, or 
magnesian limestone, is a double carbonate of lime and 
magnesia (CaCOg.MgCOg) ; it forriis a most excellent 
building stone, and is often used as a source of magnesia 
(MgO). United with CI, as magnesium chloride (MgCl^), 
it is found in large quantities in sea-water. The silicates 
of magnesium form a very numerous and complicated 
class of minerals; they are found in mzca, hornblende, 
serpentine, and olivine, united with other silicates ; and 
in talc, French chalk or soapstone, and meerschaum^ 
of which pipes are made ; it occurs also, united with HgO, 
as nearly pure silicate of magnesium. 

History. — First obtained in very small quantities by Sir 
H. Davy, in 1808, and called magnium, and afterwards 
magnesium. Bussy, in 1830, obtained it in larger quanti- 
ties by fusing magnesium chloride (MgClg) and K together. 
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Preparation. — By decomposing fused magnesium 
chloride (MgClg) by an electric current. 

By fusing a mixture of powdered MgCIg, NaCl, and 
CaFg, with small pieces of metallic sodium (Na). 

Properties. — A light, silver-white, malleable, ductile 
metal. Does not decompose cold water, but does decom- 
pose warm water. (See p. 9.) May be kept in dry air, as 
it does not very easily oxidise. When heated, it melts, 
and, if exposed to the air, takes fire, burning with a very 
brilliant white flame, which has been used to take photo- 
graphs at night. Mg is now made in large quantities in 
Manchester, and, as wire, ribbon, and powder, it is sold 
to bum for photographic and other purposes. The white 
ash left by the burnt metal is magnesium oxide, or mag- 
nesia (MgO). The metal takes fire when thrown upon 
strong solution of HCl. 

Magnesium with Oxygen. 

There is only one known oxide of magnesium, namely, 
the common magnesia (MgO). 

MAGNESIUM OXIDE.— Magnesia. 
[MgO = 40.] 

Magnejjia was first recognised as a separate earth by 
Black, in 1755. It had been previously confounded with 
lime. 

This body forms a white, light, bulky, tasteless, infusible, 
and, in water, almost insoluble powder, often known as 
calcined magnesia. 

It may be obtained, like CaO, by heating the carbonate 
(MgCOg) to redness. 

When mixed with water, it gradually slakes, without 
becoming hot, forming a hydrate, MgHgOg, or MgO.H^O, 
or Mg2H0. This hydrate slowly absorbs CO<^from the au* 
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MAGNESIUM CARBONATE. 
[MgCO, = 84.] 

Found native in the mineral magnesite, and, mixed with 
calcium carbonate^ in doloviite, or magnesium limestone 
(MgC03.CaC03). 

Preparation. — This salt is difficult to prepare pure, but 
may be made by mixing boiling solutions of K^COg and 
magnesium chloride (MgClg), and, when cold, making a 
solution of MgCOg in COj gas, allowijig this solution 
gradually to deposit crystals of MgCOj.SHgO. 

The carbonate of magnesia of the shops, known as 
magnesia alba^ is a mixture of magnesium carbonate 
(MgCOg) and magnesium hydrate (MgH^Og), in varying 
proportions, according to the method of manufacture. 

The usual mode is to mix a boiling solution of magnasium 
sulphate with a boiling solution of sodium carbonate, when 
a white bulky precipitate of magnesia alba forms. 

The knowledge of magnesia alba as a medicine was first 
promulgated from Eome, in the beginning of the 18th 
century. 

Salts of magnesium are not precipitated by soluble car- 
bonates in the cold ; the solutions or the mixture must be 
boiled, when magnesia alba, and not pure magnesium 
carbonate, is precipitated. 

A double salt, containing K2C03.2MgC03 + PHgO, may 
also be formed. 

MAGNESIUM SULPHATE.— Epsom Salts. 
[MgSO^.THaO = 120+ 126. J 

This salt is found naturally in many spring-waters, as 
at Seidlitz ; its name of Epsom salts is derived from the 
circumstance of its former preparation out of the water of 
certain springs in the neighbourhood of Epsom, which 
naturally contain the salt. 
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Magnesium carbonate is found naturally in magnesian 
limestone. Grypsum (CaSO^) is found naturally in most 
spring waters. When MgCOg and CaS04 are brought to- 
gether, they, form CaCOj and MgS04. So a spring water 
containing gypsum having to filter through or permeate 
a "bed of magnesian limestone would afterwards contain 
ncisfcgnesium sulphate. 

Treparation.— Dolomite (MgCOa-CaCOg) is burned in 
kilns; the MgO and CaO thus obtained is slaked, and after- 
^^€i.rds well washed with water, which dissolves CaO.HgO, but 
ic>cs not dissolve MgO.HgO. The mixed earths are now de- 
^c>inposed by H2SO4, which converts them into MgSO^ and 
C3€i.S04. The MgSO^ is very soluble in water (1 to 3), the 
0^.80^ only soluble to the extent of 1 grain to an ounce of 
^^^ter (I to 400). The strong solution of MgS04 is separated 
^^om the insoluble mud of CaS04 and evaporated. 

Properties. — A salt with a nasty bitter taste, called in 
crman bitter salt {bittersalz). Soluble in three times its 
«ight of cold water. The crystals resemble those of 
*^^dric oxalate {oxalic acid), but on a close examination 
^iiey are found to belong to a different system. 

At a temperature below 300°, the crystals lose six out 

^f the seven molecules of HgO ; the seventh is retained up 

^o a temperature of 400°. This last atom is capable of 

Substitution, as, for example, by potassium sulphate; thus — 

MgS04-|-K3S04.6H20 

This double salt will crystallise in the same form as 
magnesium sulphate. 



MAGNESIUM SULPHIDE 

Is slightly soluble in water; may be formed by mixing 
magnesium sulphate and potassium sulphide. 
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MAGNESIUM CHLORIDE. 

[MgCl,.] 

This salt is contained naturally in sea-water. It is very 
deliquescent, and its presence is the reason why sea-salt 
and many kinds of common salt run to water in damp 
weather. It may be obtained by decomposing the native 
carbonate or magnesia alba in solution of HCl. 

If it is required to evaporate the salt to dryness, or 
fuse it, the solution must be mixed with some ammonium 
chloride ; this prevents the partial decomposition of the 
MgClg which otherwise takes place by evaporation to 
dryness. 

PHOSPHATES OF MAGNESIUM. 

A NUMBER of phosphates containing Mg may be formed ; 
the only one, however, of importance is the ammonio- 
magnesium phosphate, often called tHple phosphate 
(R^^yM^\VOJ'\mfi. In analysis Mg is generally pre- 
cipitated as this salt, be^jause it is quite insoluble in water 
containing a little solution of ammonia. It may be formed. 
by adding to a solution of a Mg salt, firstly, some solution, 
of ammonium chloride, and, secondly, some solution of 
ammonia. At this stage there should be no precipitate 
formed. The chloride is added to keep the Mg salt in 
solution, because solution of ammonia precipitates Mg salts 
in its absence. Solution of common phosphate of soda 
may now be added, when, upon briskly stirring the mix- 
ture, a copious crystalline precipitate of triple phosphate 
is thrown down. 

When 2[(H4N)Mg(POJ.6H20] is gently heated, first the 
I2H2O is driven ofi", and at a higher temperature the am- 
monia, leaving magnesium pyrophosphate (MggPgOy) ; in 
analysis, this may be weighed, and the quantity of Mg 
calculated from it. 
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TESTS FOR SALTS OF MAGNESrcM. 

The soluble carbonates give a white precipitate of 
Dfia-gDesia alba, when boiled with salts of Mg. 

Solution of ammonia gives a slight precipitate in Mg 
salts, in the absence of ammonium chloride, but no pre- 
cipitate if it be present in the solution. 

Ammonium phosphate gives a white crystalline pre- 
cipitate of ammonio-magnesium phosphate. (See p. 90.) 

If moistened with a solution of cobalt nitrate, and 
Ideated before the blowpipe, salts of Mg give a pink colour. 



GrROTjp C. — Metals of the Earths. 

The earths are insoluble in water, and have neither 
^SLste nor action on test paper. 

The metals of the earths are ten in number, namely — 



Alttmh^iitm 


Al 


Erbium 


Er 


Glucinum 


G 


Terbium 


T 


Zirconiuiri ^ 


Zr 


Cerium 


Ce 


Thorininn 


Th 


Lanthanum 


La 


Yttrium 


Y 


Didymium 


D 



The metal and salts of aluminium are the only bodies 
of any use and importance in this group. 

Ist. Aluminium does not form a carbonate. The soluble 
carbonates precipitate it as a white sesquioxide. 

2nd. It is also precipitated as white sesquioxide by 
hydro-ammonium sulphide. 
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ALUMINIUM. 

[Si/mbolf Al"'j Atomic Proportion, 27*5; S.g. 2*6.] 

Occurrence. — As alumina (AljOj), it is next to silica 
(SiOg), the most abundant constituent of the earth. It is 
a chief component of clay, field earth, and many kinds of 
rock, as slate and granite ; also of porcelain, earthenware, 
and bricks, united generally with silica ; the colour of the 
many minerals containing it being due to small and variable 
quantities of Fe and other substances. 

History. — This metal was first obtained by Wohler, in 
1828, by heating K in a tube, and passing aluminium 
chloride (Al^Clg) over it. The metal K was sold at the 
rate of l,000i. per pound weight when this discovery was 
made, the dij-coverer who had to purchase it being in the 
receipt of 501, a year salary at the time. 

Alum, the salt from which the term aluminium is 
derived, has been known from very early times, and until 
the 15th century was brought to Europe from the East. 
In 1728 the existence of alumina in clay was first shown. 
In 1826 Oersted made Al^Clg, from which, two years later, 
the metal was obtained. 

Preparation. — By passing vapour of aluminium chloride 
(AljClg) over melted Na. 

By fusing Na with the mineral cryolite (SNaF.AlFg), 
mixed with NaCl and KCl to act as a flux. The Na com- 
bines with F, and liberates Al. 

By the decomposition of the double chloride of sodium 
and aluminium (2NaCl.Al2Clg) by a powerful galvanic 
current. 

Properties. — A light, malleable and ductile metal, of 
the colour of zinc. Melts easily ; does not easily oxidise 
in the air. In powder, decomposes boiling water. Is very 
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^Hftonorous. Forme an alloy with copper, in colour like gold, 
^FcaJled aluminium bronze; it will not alloy with lead. It 
V does not form an amalgam with mercury. Is now manu- 
* factured on a large scale at Newcaatle-on-Tyne. 

It ia not dissolved by HNO^, but la easily acted on by 
HCl, a chloride of the metal being formed and dissolved. 

I The alkalies easily oxidise and dissolve it, giving off H gas. 
Alcmintttm only forme one compound vfitb — namely, 
the sesquioside, called alumina (AljO^). 
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ALUMINIUM SESQUIOXIDE.— Alumiha. 



This body is found native aa the mineral corundum. 
Coloured by a salt of chromium, it is found as the sapphire 
and ruby ; in a more common and impure form, as emery. 
All these minerals are noted for their extreme hardness. 

Prepabation. — By precipitating alum or any salt of 
aluminium by KjCO^ or hydro- ammonium sulphide. The 
precipitate is very bulky and gelatinous, and requires much 
washing with water to get rid of the last traces of the 
precipitating solution. 

Pboferties. — White, without smell, taste, or action on 
teat paper, and can only be melted in the oxy-hydrc^en 
gas flame. When freshly precipitated, it fs a hydrate, 
AljOg.SHjO ; ia easily decomposed and dissolved as chlo- 
ride by HCl, and as potassium aluminate (KgAlOg) by 
KHO ; but after drying and roasting, it is very ditGcult of 
solution by any means, unless it is melted first with KHO. 

This oxide is peculiar, aa it possesses the properties of a 

noD-basylous radical at one time, and of a basyloua radical 

I, Ht others : thus there is a native mineral, called »pi/nell. 
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which is magnesium aluminate (MgAl204), and also a zinc 
aluminate (ZnAljO^). 

Sodium hydrate (NaHO) and solution of ammonia act 
in the same way as KHO — that is, they first precipitate 
hydrate of alumina, and then redissolve it. 

Alumina has the peculiar property of uniting itself to 
certain vegetable substances, and this property of alumina 
has been taken advantage of by the dyer and colour-maker. 
When to a solution of alum and cochineal KgCOg is added, 
the alumina is precipitated, not as a white hydrate, but 
coloured by the cochineal, as the colour is precipitated 
with the alumina, forming a lake. As a mordant (from 
mordeo, I bite), it is used to fix colours on calico. The 
cloth is soaked in a preparation of alumina, and then 
dipped in a solution of the dye; the dye thus becomes 
fixed to the alumina and the cloth, and cannot be washed 
out. Alum is the salt ordinarily used to supply pure 
alumina for the dyer, and is extensively manufactured for 
this purpose. 

ALUMINIUM SESQUISULPIIATE. 

[Al'^'aSCSOJ^MSHjO.] 

This salt may be formed by dissolving alumina in 
HgSO^; on the large scale, clay free from Fe is heated 
with HgSO^, and the mass dissolved in water. 

ALUM. — Double Sulphate op Aluminium and Potassium. 

[KAl 2SO4.I2H3O or K3SO4.AI23SO4.24H2O.] 

Prepakation. — 1st. By lixiviating certain volcanic earths 
which contain it. 

2nd. By burning and lixiviating alum-stone. 
In some parts of the earth, as in Civita Vecchia, near 
Eome, a rock is found, called alum-stone, which contains 
all the elements necessary foi the production of alum. 
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Portions of the rock are gently burned in kilns, and 
lixiviated in water, when alum, called Roman alum, is 
obtained. 

3rd. By burning and lixiviating certain shales, or alum 
schists, and adding a potassium salt to the solution. 

In England at Whitby, and at Glasgow, a bituminous 
shahj which contains iron disulphide {pyrites) (FeSg) and 
aluminium silicate, is slowly roasted. During the roast- 
ing, the S of the pyrites oxidises, and forms, with the HjO 
contained in the shale, HgSO^ ; this decomposes some of 
the aluminium silicate. The mass is afterwards lixiviated, 
when a solution of iron sulphate (FeS04) and aluminium 
sulphate ( AljSSO^) is obtained. Potassium chloride (KClg) 
is now added to the mixed sulphates, when FeClg is formed 
and K2SO4 ; this latter crystallises out of the solution, in 
company with the aluminium sulphate, as alum. 

Properties. — Crystallises in large colourless odahedra, 
soluble in 18 parts of cold water; the solution has a very 
astringent taste (from ad, to, and stringOy I tie fast), 
drawing the sides of the mouth together. When heated, 
it loses its water of crystallisation, and then forms burnt 
alum. 

It is largely used in dyeing and the arts ; also in medi- 
cine, as a gargle for the throat. 

Alum may be viewed as a double salt. (See p. 31.) 

Isomorphism. — The peculiarity of two bodies crystal- 
lising in the same form, although of different chemical 
composition, is well illustrated by the alums. 

Chrome alum, made from CrgOg, instead of AljOg, has 
the following formula : — KCr2S04.12H20, that is, the same 
formula as common alum, Cr being substituted for Al. Its 
solution is dark green, and its crystals a dark red; it 
crystallises, however, in octahedra like common alum. 

Iron alum, made from Fe203, instead of AlgOg, crystal- 
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Uses in violet octahedra with the formula KFe2S0^.12H20 
— that is, an alum with Fe, instead of Al : — 

Common alum . . KAl 2S04.12HjO 
Chrome „ . . KCr 2SO4.I2H3O 

Iron „ . . KFe 2SO4.I2H3O 

If a small crystal of chrome alum be placed in a solution 
of common alum, the crystal will be increased, by the 
deposition of a coating of colourless common alum upon 
the chrome alum. 

If common, chrom^e, and iron alum be mixed together, 
crystals will be formed, not of each alum, but containing 
all these alums, in the proportion in which the salts were 
mixed. 

If an octahedron of wood or glass be placed in an alum 
solution, instead of an alum crystal, the salt will not deposit 
evenly upon it, but in small octahedral crystals on the sur- 
face of the foreign substance. 

If one surface of a crystal of alum be covered with a 
thin coating of varnish, the crystal will not grow in that 
direction; it will deposit on all the surfaces but the 
varnished one. 

Because AljOg, CrjOg, Fefi^ can replace one another in 
such a class as the alums, they are said to be isomorphous. 

Further, Kfi may be replaced in an alum by either 
NagO, forming a soda alum, or (H4N)20, forming an am- 
monia alum, because KjO, NajO, (H^N)20 are all isomor- 
phous with one another (see (7. N. p. 29): — 

Potassium alum . . KAl 280^.1211,0 

Sodium „ . . NaAl 2S0^.12H20 

Ammonium „ . . (H^N)Al 2SO4.I2H3O 

ALUMINIUM CHLORIDE. 

[Allele = 268.] 

This is the salt from which the metal Al is generally 
made. 



ALUMINIUM rnOSPHATES AND SILICATES. 



ALUMINIUM PHOSPHATES. 



^^ Preparation. — By passing dry CI gas over a mixture of 
AljOj and C, heated to redness. (See p. 13.) The Al,Clg 
distils over, and must be condensed, while CO eacapea. 

Pkopertigs. — A yellow, crystalline, deliquescent solid, 

which easily melts and suljlimes. Eapidly dissolves in 

water, with a hissing sound. 

B If AljOg be decomposed by 6HC1, the solution of AljCIj 

B>or 2(AICl3) formed, decomposes when evaporated to dryness. 

The blue turquoise is a native hydrated phosphate of 
aluminium, and the Insuliie is a double phosphate. A 
white gelatinous hydrated phosphate may be formed by 
mixing sodium phosphate with alum, which is easily soluble 
inHCl. 

» ALUMINIUM SILICATES. 

Thehe are a great many silicates nf aluminium, the moat 
dommon and useful of which is clay (AljOj2SiOj.2HjO), 
or hydrated silicate of aluminium. It is principally derived 
from the mineral felspar, which is a double silicate of 
aluminium and potassium, or sometimes sodium, when the 
mineral is called albite; the composition of the felspars 
may be shown by the following formula, where M' repre- 
sents any univalent metallic basyloua radical : — 
M'j0.3SiO,.Al,0,,3SiOj 

Pure clay is white, and, when mixed with water, forma 
a stiff, tenacious mass, of a highly plastic nature {from 
TrXatro-w, I form, mould), on whicb account it is used to 
make bricks, tiles, earthenware, pottery, porcelain, &c. 

FiRB-CLAT. — ^When clay is pure, it is almost infusible, 
while ordinary red clay, of which common bricks are 
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made, contains iron, lime, and other impurities, and is 
consequently alwaja more or leas fusible in the furnace 
heat. Fire-claj, therefore, of which fire-bricks and 
crucibles are made, is a purer kind of clay, that doea not 
fuse in tbe fire. 

Kaolin is a very white and pure clay, used for making 
porcelain. 

Pipeclay is a white clay, found in Dorsetshire, and is 
used for making tobacco-pipes. It fuses at an intense beat. 

Poller's Eakth is a porous kind of clay, found near 
Reigate ; it has a peculiar power to absorb oily substances, 
and is used to remove grease, &c. from cloth. 

PoRCELAiH AND PoTTERT Ware, — After clay Las been 
moulded into shape, and during the process of baking, it 
shrinks very considerably in size, and not always regularly, 
BO that the article generally loses its perfect shape. It is 
the object of the manufacturer of earthenware to make 
such, a mixture as shall retain its shape while baking, be 
sufficiently close and dense to bear constant handling, and 
not break too easily. This is accomplished by taking clay, 
which gives plasticity and enables the mass to be moulded 
into shape, chalk, sand, and felspar, called by the Chinese 
pott«ra petuntse, all which together in proper proportion, 
partially melt in the fire, giving a balf-glassy appearance 
to good porcelain. Tbe different kinds of earthenware are 
caused by the varied purity and proportion of the ingre- 
dients. The degree of heat also to which the manu- 
factured ware is subjected has much to do with the article 
made. 

Glaze is a composition, usually liquid, witii which the 

surface of any article is covered, and which shall fuse on 
the surface, and become fixed when heated in the fire. 
Salt, borax, and lead oxide, &c., are used in glazing. 
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TESTS FOR SALTS OF ALUMINIUM. 

When moistened with solution of cobalt, and heated be- 
fore the blowpipe, they become of a, beautiful blue colour. 

Hydrates of K aTid Na first, precipitate alumina, but 
redissolve the precipitate if more hydrate be added than 
is required for the precipitation. 

Solution of ammonia precipitates alumina, and re- 
diasolres small quantities of the precipitate when added in 
exceBS. 

The Boluhle carbonates precipitate alumina, and do not 
rediBBolve the precipitate if added in excess. 

There is no carbonate of alumiuium. 

Hydro-wmmonium sulphide precipitates alumina, and 
not a sulphide. 



second division.— heavy metais. 

Grodp a. — Ieon Groep. 

Tkb metals of this group tarnish or rust in moist air ; 
decompose water at a red heat only ; and are not pre- 
cipitated from their solutions by HjS in presence of HC! 
(see pp. 9 and 11): — - 

Zinc Zn | Mangiinese Mn 

Iron Fe Cobalt Co 

Chromium Cr | Nickel Ni 

These metals are usually considered to be divalent. 
., They all have a s.g. over 5, and are hard. Their oxides, 
irbonates, and sulphides are insoluble in water. 



ZINC. 
^S^/mbol, Zn i Alomio Proportion, 65 ; S.ff. 7'00.] 
(JcoDBRENCE. — Found native as a carbonate, called coin- 
nine or galmei, and as a sulphide, called blende. It if 
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never met with native. There is no practical method of 

obtaining Zn from its silicate. 

HiSTORT.^Zinc, or, aa it is frequently called in com- 
merce, spelter, has been known from the time of Para- 
celsus. The ore of zinc called calamine was used by the 
ancient Greeks in the manufacture of brass. 

Preparation.— The ores of zinc are first crushed and 
roasted ; after which they are distilled with powdered coal 
or coke. The crucibles used to distil it are covered and pro- 
vided with an iron exit tube, passing through the bottom of 
the crucible, down which the Zn distils (distillation per 
deacenaum), or it is distilled from small parthen retorta. 

Properties. — Pure zinc is a hardisli, blue-white metal, 
with considerable lustre; it is brittle in the cold, but can 
be rolled into thin sheets and drawn into wire at a tem- 
perature of about boiling water. 

It forms several alloys, of which brass, composed of 
copper and zinc, is the most important. 

Galvanised iron is made by dipping clean sheet iron in 
a bath of melt-ed Zn. 

Zn is easily dissolved by HCl and H^SOj, liberating H; 
it is also dissolved by KIIO, with liberation of H and for- 
mation of KjZnOj. 

In testing for arsenic, pure zinc is required ; the zinc of 
commerce is never pure, and H liberated by it always 
possesses a disagreeable smell, and contains traces of 
arsenic (As). (Marsh's Test.) 

Zinc is a very hasyloua radical, and precipitates many 
of the metals from their solution, becoming itaelf dissolved 
in their stead. 

Zinc witu Oxtqen. 
There is only one well ascertained compound of Zu 
with — namely, Zmo OiUJE t^laOV 
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L ZINC OXIDE. 

P [ZnO = 8].] 

Zinc bums in the air, vhen eufficiently heated, mth a 
bluish flame, forming ZnO, which is yelluw when hot, but 
white when cold. 

tThe hydrated oxide (ZdO.H,0) may be precipitated 
torn solution of zinc salt by the additiou of K or Na 
ydrate, care being taken not to add too much of the 
precipitant, as the zinc hydrate is soluble in K hydrate. 

As zinc white, the oxide is used fur a paint, because it is 
not blackened by H,S, like the paint called white lead. 

ZINC CAEBONATR— CALAmuB. 

[ZnCO, = 126.] 
Occnns native as calamine. 

The white precipitate fonned by the addition of the 

loluble carbonates to solution of a salt of zinc is not a 

e curbooate, but a mixture of caibonate and oxide of 

This white precipitate ia soluble in solution of 

mTnonium caa-bonate, but not in K or Na carbonate. 

ZINC CHLORIDE.— Burnbtt'b Flhid. 

[ZnCI, = 136.] 
This salt is obtained by dissolving Zn in 2HC1; the 
■wolution of ZnCl, formed may be evaporated, when the salt 
is obtained in the solid form. 

This solid salt is very deliquescent and corrosive to the 
skin ; its solution is used as a disinfectant, called Sir WU- 
liam Bumetfs Disinfecting Fluid. It removes foul 
odours from decomposing matter when mixed with them. 
It also preserves wood and fibre from decay ; it is there- 
^fbre an antiseptic. 
m" In solution it is used as a flux by the zinc solderere. 
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ZINC SULPHIDE,— Blbmdh. 

[ZnS = 97.] 

FocND native, aa blende, in dark red maasea or cryatals, 
which are decomposed by HNO, or a mixture of HNO, 
and HCl. 

A kydrated sulphide of zinc ia thrown down from a 
Bolution of a salt of Zn by bydro-aramonium sulphide, as 
a white gelatinous precipitate ; but not by H,S in the pre- 
nence of HCl. The acetate ia precipitated, however, by 
H,S in presence of hydric acetate. 

ZINC SULPnATK-WEiTB Viteiol. ^M 

[ZnSO,.7HjO = 161 + 120.] ^| 

This salt is formed in the preparation of H from Zn 
and H,SO^. (See C N. p. 52.) It may also bo prepared 
by roasting the sulphide at a low temperature. {See pp. 
13, 95.) The compound obtained by roasting a sulphide 
depends greatly upon the circumstances under which it is 
roasted ; thus, if roasted at a gentle heat it is partly con- 
verted into a sulphate, while at a higher temperature an 
oxide is formed. 

Zinc sulphate, or white vitnol, effloresces in dry air ; it 
ia soluble in 2\ parts of cold water. It loses its water of 
crystallisation by beat, and forms double salts, like magne- 
sium sulphate. , It is used in medicine as an emetic (from 
i/tiia, to vomit). 

TESTS FOR THE SALTS OF ZINO. 

The soluble salts of zinc are poisonous in large doses; 
in smaller quantities they act powerfully and rapidly aa 
emetics. 

The alkalies give a white precipitate of hydrated oxide, 
soluble in excess of alkali. 
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The soluble carbonates give a white precipitate, soluble 
I ammonium carbonate. 
Hydro-ammonium sulphide gives a. white precipitate of 
talphide of zinc ; H^S gives no precipitate in presence of 

If moistened with Bolution of cobalt, and heated in the 
■blowpipe flame, compounds of Zn give a green iufusible 
jeaidue. 

IRON. 

ISi/mbol, Fe (Fertttin) ; Alomic Proportirm, 66 ; S.g. 7'8.] 
OCCERKESCE. — Iron, as oxide, is one of the most widely 
^dietrihuted of the elements. It occurs native in meteoric 
Btones, but very seldom otherwise. As iron sesquioside 
(FbjOj), it gives the red colour to clays and sandstone, and 
B found iu the blood of animalB. 
The ores from which iron is obtained are numerous ; the 
xQiief are: }iaimatlte,i&A(Vefi^)a.xiA brown (FcjOj-SHjO); 
<iay vnmstone, cont-aining iron caibonate, clay, and often 
lime, from which large quantities of iron are obtained in 
Ungland ; mugnetic iron ore, ov loadetone (FeO.FejOj) ; 
specular iron ore similar to red bBematite, and spathic iron 
ore which is puie iron carbonate. 

HiSTOBY. — Iron ( i ) or Mara waa one of the seven metals 
nowQ to the ancients, It has been reduced from its ores 
^nd used by some of the nativea of Africa and India from 
prffihiatoric times. 

Preparation. — The production of iron ia one of the 
most important manufacturing operations, and ia very ex- 
tensively carried on in England, Belgium, and many other 
countries. 

The ore ia frequently first roasted, to get rid of water, 
!COj, S, &c. Several ores are then mixed together, those 
sontaining much iron, rich ores, with some containing much 
a iron, poor ores. 
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The next process is t^ heat the masted ore, which alwa^H 
contains the metal in the form of oxide, to intense white- 
ness in a large furnace, from 50 to 80 feet high, called a 
bloat or smelting furnace. Coal and coke are employed 
to produce the necessary beat, and calcium carbonate, 
ehaUe (CaCOj), is added to form a flux with the clay, 
ashes of coal, and other impurities. The heat of the fire 
is kept up hj means of large blowers worked by machinery. 
The bottom of the furnace is closed in with fire-bricks, 
small holes for the air-pipes, called tuyeres, and for the 
iron and skig to run out of, alone being left. 

In the furnace the heated C takes from the iron oxide 
(the ore), forming CO ; the Fe, as soon as separated, is 
melted, owing to the intense beat, and, being liquid and 
heavy, runs to the bottom of the furnace, where it collects. 
The CaCOj is soon converted in the fire to CaO, and, when 
HUfBcieiitly heated, unites with the clay, sand, and other 
impurities, forming a kind of glass or fusible porcelain, 
called slag^ which, being liquid at the intense heat of the 
furnace, runs down, and, being light, awims on the surfiice 
of the melted iron. (See p. 16 ) Long flames ibkuc from 
the mouths of these smelting furnaces, where the CO and 
other gases are completely burned in the air. 

The last process consists in opening certain email holes, 
which are stopped by plugs of clay, and allowing the 
liquid iron to run out into channels made in sand, where 
it cools ; each channel of iron when cold, is called a pig ; 
hence the name pig-iron. The slag is also run out, 
from a small hole in the furnace, whenever the work- 
man thinks it necessary, which he knows from practice. 
Fresh supplies of (I) roasted ore, (2) coal, and (3) chalk 
are being continually thrown in at the top of the furnace, 
as its contents are burnt away or removed, while (4) air is 
supplied at the bottom. If the air is blown in cold, it 
forms the cold blast, but if it be heated before it ia blown 
into the furnace, it forms the hot blast. 
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Pig-iron, or cast iron, as obtained from the blast fiir- 
nace, is not pure iron, and re(|uire8 to be further operated 
apon before it is fit for use; it cootains variable quantities 
of C, Si, As, S, P, Mn, Al, Ca, &c. Cast iron is of various 
Jdods, as white, fnottled, grey, &c., according to variations 
in the circumstances of manufacture, but all cast iron is 
eBpedaliy remarkahle for ike atnouiit of C it contains 
(3 to 5 per cent.). Cast iron is hard, brittle, and cannot 
be welded; neither is it elastic. It corresponds to the 
formula Fe^C (carbide of iron). 

Wrought iron is made from cast iron by burning away 
great deal of the C, Si, and other i mpurities in a furnace, 
«alled a refinery, where air is allowed to enter to the melted 
iron, and a coating of iron oxide and SiOj ia formed as a 
kind of alag. It is next placed in a puddling furnace, 
where it is again heated, covered by scales of iron oxide; 
or sometimes the pigs are at once placed in the puddling 
furnace. The puddling furnace is a kind of reverberatory 
furnace. Here nearly all the C and Si are oxidised; and 
after the iron has been in the furnace for about two hours, 
it is taken in himps, and, while hot, tremendously ham- 
mered or squeezed between rollers, to get rid of all slag, Ac, 
and is now wrought iron. Wrought iron contains very 
little C (^ per cent.); it is soft, may be bent without 
breaking, tough, and is capable of being welded. It can- 
not be rolled into very thiu leaves, but forms thin and re- 
markably tough wire. It is far more difficult to melt than 
cast iron. It ia magnetic. 

With very pure iron ore, iron equal to wrought iron 
may be made at once from the ore by using charcoal in- 
stead of coal. 

Steel is made by taking bars of wrought iron, and heat- 
ing them for many hours, covered in charcoal powder, by 
which process the iron takes up some of the C, and be- 
comes possessed of the properties of steel. Steel therefore 
contains more C than wrought iron, but does not contain 
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80 much, as cast iron. Steel ib grey-white, and may be made 
either hard enough to scratch glass, or soft enough to be 
cut with a file; if heated and quickly cooled by dipping 
in water, it ia hard, but if allowed to cool slowly, it is Boft, 
and the hardness depends upon the temperature to which 
the steel was heated before being suddenly cooled. Steel 
is elastic, fine-grained, fusible, and capable of a very high 
polish. It retains magnetism, and so is used to make per- 
manent magnets. 

pROPEiiTiES. — Iron is soluble in HCl and H^SO^, form- 
ing green solutions of Fe"Cl', and Fe"{SO,)", with libera- 
tion of H, It ia also soluble in a solution of HNOj, of 
a s.g. not higher than 1'3; in a very strong solution of 
HNOj, iron may be kept for years without being dissolved 
{the ■passive condition of iron). 

It precipitates many metals from their solutions, an 
copper (Cu), being itaelf dissolved, taking the place of 
the precipitated metal. It burns with brilliancy in gas, 
if first heated red-hot. At a red heat, it decomposes 
water, forming an oxide, the same compound as the black 
scales from the smith's anvil — namely, the magnetic oxide 
of iron. 

Iron does not osidise or rust in dry, but very qmckl; 
in moist air, forming a red hydrated aesquioxide. 



I 



Ibon with Oitqen. 
Tbebb are four compounds of iron with — 

White FeiTous oiida, or Iron oxide . Fe "O" 

Bed Ferriii oxide, or Iron aosquioiido . Fe"',0", 

Black magnetiG oxide of iron , , . Fe"0".Fe"'.O''j 

Iron trioxide Fe''0'^ 

All the salts of iron which are commonly met with may 
be divided into two distinct and separate classes — namely, 
those which contain Fe" as a divalent radical, as Fe"0", 
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! which contain Fe'" aa a trjvalent radical, as 
Fe"',0",. The salts of the former are generally green, 
and form a carbonate (FeCO^), while those of the latter 

1 colour, and, like all the eesquiosidea, does not 
pbrm a carhooate. 



FERROUS OXIDE.— Iroh Omdb. 

[Fe''0" = 73.] 

' This salt is very difficult to separate from combination 
Hid obtain pure, owing to the extraordinary affinity it 
;s for 0. It is white when freshly precipitated, but 
jBpidly passes to grey, green, blue, mud colour, to sesqui- 
xide. It may be formed by precipitating iron sulphate 
e"(SO,Y'] by K^CO^. 



FERRIC OXIDE.— Iron SEsawroxiDK. 
[Fe"',0", = 160.] 

FoDND native in the minerals hasmatite and specular 
ron ore. It also forms the bloodstone. Made artificially 
y heating Fe"SO^ in the air, when a red powder is formed, 
tiled crocus of Mare, and used to polish glass, jewel- 
ry, &c. 

Hydrate of Iron Seaquioxide ; Feitic Hydrate. — Occurs 
native as brown hematite. It may be thrown down as a 
red-brown precipitate by adding solution of ammonia or 
its carbonate to solution of iron sesqui chloride (Fe'"jCl'g), 
and well washing the precipitate. It is bulky, flocculent, 
and easily soluble in HCI. It forms several hydrates, aa 
Fe,03.H,0 and Fe,0,.3H30; they all lose their H^O by 
heat. 

MAGNETIC OXIDE OF IRON. 

[Fe"0".Fe"'jO"j or Fe^.O",.] 

OcctJBS native as loadstone, and composes the chief part 
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of the black scales which fall from the smith'B anvil when 
wrought iron is worked. It does not form any distinct 
class of salts. 

FERRIC OB IRON TRIOXIDE. 

CFe"0..] 
HA9 never been isolated, but may be obtained as ferrate 
of potash. 

FERROUS OB IRON CARBONATR 

[Fe"CO," = 116.] 

This body is found native in very large quantities, form- 
ing a most valuable ore of iron, which, when pure, often 
in fine rhombic crystals, is called spathic iron ore, and, 
when mixed with clay, forms the clay iron ore. 

It may be produced by adding hot eolution of a soluble 
carbonate to a hot solution of iron sulphate [Fe"(S04)"]. 
It is precipitated white, but rapidly turns green, and 
eventually red, by absorption of from the air. It is 
soluble in CO,, and is frequently found dissolved in spring 
water, to which it imparts an inky tsste ; such water, when 
exposed to the air, gradually loses CO,, the iron carbo- 
nate (FeCO,) ia deposited ; which, however, soon absorbs 
0, and turns to red sesquioside (Fe"'jO"3), and is the 
cause of the red deposit by ' chalybeate ' (from ^aXv^, 
steel) or ferruginous springs. 

FERROUS OB IRON SULPHATE.— Coppbbab ob Gbeen Vitriol- 
[Fe"S0/'+7H,0 = 162+120.] 
This salt is one of the moat common, important, and 
easily made iron salts of the divalent class. Iron sulphide:, 
or old scraps of iron, are put into dilute dihydric sulphat>e 
[H'j(SO,)"], when H, is given off, and Fe"(SO,}" is formed 
and dissolved in the liquid, which is then filtered and left 
to crystallise, (See C. N. pp. -'2, 87.) Green crystals, 
soluble in water; both the crystals and solution gradually 
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■tbsorb from the air, red salts of the trivaleat claas being 

Htormed. 

B It 19 used for maiirig ink and a black dye, as, when 

Enised witb tannin, it gives a black precipitate of tannate 

B»f iron. Also, when mixed with HNO,, it turns dark olive 

ft|!oloiired (see G.N. p. 68), owing to the formation of nitric 

B»xide, which dissolves in the solution of sulphate. 

■ FERRIO SULPHATE or IRON 8ESQUISULPHATK 

W [rB'V(soj" = 400.] 

I Is made by dissolving Fe"'50"3 in HjSO^, or by adding 
■'the necessary quantity of HjSO^ to convert Fo"(SO,}" into 
|:Fe,3S0^, and oxidising the Fe" to Fc'" by HNO,. It 

■ .does not crj'stallise, but may be obtained as a yellowish- 
^vhite mass, and forms a dark red solution. 

I SULPHIDES OF UFLON. 

H InoN unites with 9 in several proportions, only two of 

■which are of much importance, namely — 

H T'lack Ferrous or Iron aulphidfl Fe"S" 

^^ Yellow Ferric or Iron disulpUide 1 Fa''S" 

^1 Iron pjritea J ' 

H FERROUS OB IRON SULPHIDE. 

■ [Fe"S" = 88.] 

■ Pekparatios. — By heating a bar of iron white-hot, and 
^Ribbing it with a stick of S, when liquid Feti runs down, 
Bnf a reddish-brown colour. 

H 2. By throwing a mixture of iron filings and S into a 

Hted-hot crucihie. 

w 3. As a hydrate, by precipitating FeSO, by hydro- 

L ammonium sulphide. 

B Pkopeetibs. — Black, decomposed by HCl and H,SO^, 

nvith libeiatiou of H,S. Insoluble in water and the 
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FERRIC oa IRON DISULPIIIDE.— Iron Pirites. 

[FeS,.] 
Found native in bright yellow crystals, with a metaUio 
lustre. (See p. 1.) Not acted upon by dilute solutionB 
of H salts, but easily decomposed by moderately strong 
solution of HNOg. When heated eufEciently in the air, 
its S takes fire and burns, giving off SO,, on which account 
it is used in the manufacture of HjSO^. (See C N. pp. 
82, 84.) 

NTTEATES OF IRON. 

If iron is placed in HNOj, of s.g. 1-2, it rapidly dis- 
solves, red futiies are given off, and Fe"'3(N0j)' formed. 
If FeS is dissolved in cold and very dilute solution of 
HNO,, a compound Fe"2(N0j)' in formed. If iron is placed 
in very strong HNO„ it remains bright and unacted upon. 

Iron with Chlobine. ^M 

Two important compounds of Fe and CI are known-!^| 

Green FtrrouB or Iron chloride , . Fe"01', ^^ 

Yellow or red Feme chloride orl f Pe"'Cl' or 

Iron aeequichlDnde J * ' ' \ Fb'",C1^ 

The former is made either by passing HCl over red-hot 
metallic iron, or by dissolving Fe in HCl, when a green 
solution is obtained of FeCl^. 

The latter may be made either by passing CI over red- 
hot metallic iron, or by dissolving the metal in a mixture 
of HCl and HNO^, when Fe^Cl^ or 2(FeCl3) is formed. 

Both the anbydrouB chlorides are volatile, and may, by 
sublimation, be obtained in crystals; the hydrates may 
also be crystallised from their solutions. A solution of 
Fe"'2Cl'g is always kept in the laboratory as a test. 

The Bromides, Iodides (see p. 50}, and Cyanides of iron 
may also be formed ; they are, however, of little cooser . 



FEKRO- AND FERBICVANIDES. Ill 

quence, but the double cyaaides of iroo are very important, 
oainely — 

POTASSIUM FEHROCTANIDE.— Yellow PECsaiAiB. 
[K.FeCya+8H,0.] 
See p. 51. 

I POTASSIUM FEREICYANIDE.— Red Pbdssiatb. 

I [K,FeCy,.] 

This salt is formed by passing CI through a solution of 
Jellow prussiate, by which meaua K is removed as KCl. 

»The salt, crystallises in long red crystals. 
Prussian fiZue.— Discovered in 1704 in Berlin. When- 
^er a solution of ferrocyaoide of potassium is added to a 
hit containing Fe'" in solution, as Fe"\C].\, a beautiful 
Bue colour is produced, called PrusBian blue — 
r 8(K^.FeCy^ + 2(Fe"',Cr,) = Fa,Cj„ + 12KC1 

PruBsian blue (Fe^Cyia) is instantly destroyed by the 
dlkalies, Fefi^ being precipitated, and, if KHO is the 
alkali used, potassium ferrocyanide produced — 
L FerCy.s + 12KH0 = 3(K,,FeCjJ + 2(Fe"',0",) + OH,0 
^H The ferricyanide, or red prussiate, gives a bine precipitate 
^nith any salt of iron containing Fe", as Fe"SO"^ or Fe"CI'j, 
^But not with salts contaioing Fe"'; this blue colour is called 
^mTumbuWa blue. It is formed as follows : — 
H^ 2(K,.FeCy,) + 3(Ft"Cl',) = Fe^Cy,, + 6KC1 

^B IRON OXALATE. 

^V [Fe".C,04,] 

V la formed ae a bright yellow precipitate, when am- 
Hmonium oxalate is added to Fe"SO,. If heated in a 
■ current of H, it is reduced to a black spongy mass of 
Rjnetallic iron, which takes fire the instant it is exposed to 
HUie air (see p. 3). 



1]2 NOTES ON METALS. 

TESTS FOR THE SALTS OF IRON. 
FerroUB Salta = Fe". 

They are not precipitated by H,S, unless the solution is 
perfectly free from H salts; are precipitated black by 
hydro-ammonium eulphide. As the black sulphide pre- 
cipitated is soluble Id HCl and H,SO,i no precipitate is 
produced if these salta are present. 

They give a blue precipitate with potasBium ferri- 
cyanide. Soluble carbonates give a bulky precipitate of 
iron carbonate, which is white when the salts are pure, but 
commonly green. 

The alkalies precipitate hydrated oxide, of a white or 
green colour, according to the purity of the salt pre- 
cipitated. 

Fen-ic Salts =Fe"'. 

Trey produce a white precipitate with H,S, which is 
pure S in a line state of division, the salt, by the action of 
the H,S, being reduced from the state of Fe'" to that of 
Fe". Hydro-ammonium, sulphide produces a black pre- 
cipitate of iron sulphide (Fe"S")' 

They give a blue precipitate with potassium ferro- 
cyanide, best in presence of H salts, not with alkalies. 

Tbey give a blood-red colour with potassium sulpho- 
cyanide, best in presence of H salts, not with alkalies. 

They give a black (ink) with tannin or tincture of galls. 

Carbonates and the allcalies precipitate red hydrated 
aside. 



CHROMIUM. 

ISymboI, Or; Atomia Proporlimt, 62-5 ; %. 68.] 

OccuRBBNCE. — This metal, compared with Fe, is api 
ringly distributed through the earth. Its most important 
ore is the chrome ironstone Fe"0".Cr"'jO"^ chiefly ob- 
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^Rained from Sweden and North America ; it is occasioually 
Kfbund as lead chromate (PbCrO^). 

History, &c. — Obtained by Vauquelin in 1797 from the 
native lead chromate. The metal has never been used in 
the arts ; it can be reduced from the oxide by C at a 
■white heat It is steel grey, hard, brittle and soluble in 
solution of HCl with liberation of H. 



Chhomiom with Oxtqen. 



There are four compounds of chromium with cor- 
responding to the four oxides of iron: — 



An oiide eorreBpondiiig to the magnetic I n^'Q" Qr"' O" 
oiide of iron . ■ , . , J 'as 



Gliroiuic tiioxide 



Cr"0", 



The salts of chromium are all coloured, and from their 
great variety of hue the name chromium ia derived (from 
j^pw/LO, colour). 

The chromoiba or chromium oxide is only known as a 
brown hydrate, which possesses even a greater affinity for 
O than the corresponding iron compound. 

The chromic oxide or chromium seaquioxide is green 
aod valuable as a paint. It cannot be melted, and forma 
hard crystals. It resembles sesqiiioxide of aluminium in 
being soluble in HCl when freshly precipitated ; from this 
solution it may be again precipitated by the alkalies, in 
excess of which it is also soluble. It differs from alu- 
mina, the chrome being precipitated from its solution in 
KHO by boiling. Its salts form blue, green, or violet- 
coloured solutions. It ia the colouring principle of the 
emerald and ruby. 



114 NOTES ON METALS. 

CHROMIC OB CHROMTOM TRIOXIDE. 

Is obtained in beautiful crimson crystals by adding H2SO4 
to a solution of potassium dichromate. They are very 
soluble in water, easily decomposed by alcohol, vapour of 
ammonia, or heat, into green sesquioxide. 

CHROMATES OF POTASSIUM. 

There are two important chromates, a yellow or simple 
chromate (K2Cr04), and a red dichromate (K^CrjOy or 
KjCrO^.CrOj). These salts are of great importance, as 
they are employed to produce all the salts of chromium 
used as colours and paints. 

The dichromate is made in large quantities fi'om the 
chrome ironstone, by fusing it with a mixture KHO and 
KNO3 ^^ * reverberatory furnace ; the mass is lixiviated in 
water, and the excess of alkali removed by HCl. The salt 
is then separated from the precipitated silica, &c., and 
allowed to crystallise. 

Lead chromate is yellow, and much used as a paint. 
There are two chlorides of chromium. 

TESTS FOR CHROMIUM SALTS. • 

They give a green colour to beads of borax and micro- 
cosmic salt, before the blowpipe flame. 

HgS gives no precipitate, but hydro-ammonium sul- 
phide throws down green hydrated sesquioxide from salts 
of chrome. 

The alkalies throw down green sesquioxide, soluble in 
excess of alkali : on boiling the solution in alkali the ses- 
quioxide is precipitated again. 

They are poisonous^ and green, red, yellow, or violet, 
in colour. 
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With a salt of lead, a soluble chromate gives a bright 
yellow precipitate- 
When the trioxide or a chromate is boiled with HjSO^ 
and a little alcohol or sugar, they are decomposed, green 
senquioxide is formed, which dissolves in the H^SOj, but 
which may be thrown down as hydrated sesquioxide on 
addition of a little solution of ammonia. 



MANGANESIUM. 

[^Symbol, Mn ; Atumic Proportion, 5.5 ; iS. g. 6'0.] 

Occurrence. — This metal is never found native, but, as 

fdi- or blacii oxide (MnOj), commonly called 'manganese,' 

I is tolerably abundant, and in small quantities is widely 

LHiffused through the mineral kingdom. 

History. — ' Manganese ' has been used to colour glaaa 
the earliest times. Scheele in 1774 first recognised 
. a peculiar metallic oxide, and Gahn in 1 780 first 
^obtained the metal from it. 

Preparation akd Properties. — By mixing MnO^ (man- 
ganese) with C, and exposing it to the highest furnace 
white heat. It is a grey-white metal, hard, brittle, 
with little lustre, and very difficult to melt ; oxidises 
rily in the air, and decomposes cold watL=:r slowly, 
lerating H. The metal is not used in the arts. 

Manganesiiim with Oxygen. 

I There are five distinct oxides of manganeaium; the 

Ixth resembles the magnetic oxide of iron in compoai- 

lamely Mnfi^ or (MnCMujOj). 

Manganous or MangHnesitim oxide . . . Mn"0" 

Manganie or Manganeaiuni Besqiiioxide . . Ma"'5U"j 

Manganic or Manganiiaium diosida . . , Mn''0", 

ManganeBiuiu trioxide Md''0"j 

Mftnganeaium peroxide Md.'",0", 



I 
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The most importaat oxides are the dioxide used f 
produce chlorine, &c., aud the tri- and per-oxides used as 
disinfectauta. The oxide Mn"0 is by far the most basy- 
lous radical of all ; Mn"03 is an indifferent oxide, as like 
all similar diosides, it does not form any salts ; while the 
tri- and per-oxides are non-basylous bodies, and form salts ; 
namely, the -nianganatee and permanga-nates, which are 
used in the arts and in the laboratory. 

MANGANOUS OXIDE oe MANGANESIUM OXIDE. 
[Mb"0" = 71.] 

Mat be obtained by heating the carbonate (Mii"COj') to 
redness in a current of H gas, when it appears aa an olive- 
green body, possessing like the corresponding oxides of 
Fe" and Cr" a great affinity for 0, which it absorbs, and 
becomes converted into a brown oxide, the Mn"O.Mn"'jO,. 
It may be precipitated as a white hydrate, by adding an 
alliali to either the sulphate Mii"SO„ or chloride Mn"Clj, 
but it immediately begins to absorb from the air, and 
to turn brown. Moat of the salts containing Mn" are of a 
rose or flesb-colour ; they are numerous and may be pro- 
cured similarly to the corresponding Fe salts. 

The seaquioxide {Ma"\0'\) is found native in the mine- 
ralfl braunite and manganite. It is a body of little inte- 
rest, and the salts containing Mn'" are of no importance. 

THE DIOXIDE, DEUTOXIDE, PEROXIDE, BLACK OXIDE, 
OB MANGANESE. 

[Mn"0"a = 87.] 

There are no other salts containing Mn''. 

This oxide is found native in the mineral •pyrolumie. 

When mixed with solution of HCl, CI is liberated (see 

G. N. p. 75) ; when heated with HjSO,, half its 0, and when 

heated red-hot one-third of its is given off (see C, N. 
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p. 50). HSOj has but little action on it. It la largely 
used in the arts for the preparation of CI, and in the labo- 
ratory as an oxidising agent. It gives an araetbyst colour 
to glass. 

The red brotan oxide, MngO,, is found in the mineral 
kausraannite. It is produced by beating MnO, as in the 
preparation of 0; also it may be made by heating ]Mn"COj 
in the air. 

MANGANESIUM TEIOXIDE 
Is not known in a separate state, but is well known as 

k POTASSIUM MANGANATK— MiNEEAi CHAitELEOs. 
[KjMnO, = 197.] 
HBH MnOj is heated with KHO in an open dish, the 
I, becomes MnO,, and unites with the KHO ; a black 
is the result, which when placed in a small quantity of 
r partly dissolves, giving a splendid green solution of 
.^...nOj. The salt may be crystallised. It is very un- 
stable ; that is, it easily decomposes, for if raised with any 
organic matter, as paper, &c., it givea up 0, oxidises the 
organic matter, and deposits a brown oxide of manganesium. 
When the green solution of manganate is mixed with a 
sufficiently large quantity of water, it is converted into a 
bright pink or red solution of potassium permanganate 
KMnO,. 

MANGANESIUM PEROXIDE 
Is not known, but the K compound is very important, 
namely : — 

POTASSIUM PERMANGANATE. 

[KMnO, = EjO.Mu,0,+2,] 

When the green solution of manganate is greatly dil uted 

fith water ; or when a solution of manganate is heated, or 

i with a dilute solution of H salt (as HCl), or allowed 
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to stand exposed to the air, a red solution of permanga- 
nate is formed, part of the manganate gives up its O to 
the rest, flakes of brown oxide being precipitated at the 
same time. The pure salt may be crystallised in long 
deep red crystals. 

The red solution rapidly decomposes organic matter, as 
paper, &c, brown oxide being precipitated ; the colour is 
also rapidly destroyed by H^S, SO^, and other bodies. A 
solution of this salt is much used in volumetric analysis, 
and both the manganate and permanganate, under the 
name of Condy's Fluid, are largely used as deodorisers and 
disinfectants. They are not poisonous. 

MANGANESIUM SULPHIDE. 

[Mn^^S^^ = 87.] 

Mat be precipitated from a salt containing Mn^' by 
addition of hydro-ammonium sulphide, as a yellow-red or 
flesh-coloured precipitate, which rapidly becomes changed 
to brown if exposed to the air; the presence of traces of 
iron, cobalt, &c., will cause the precipitate to appear 
black. 

TESTS FOR MANGANESIUM SALTS. 

The salts containing Mn'' are the only ones of chemical 
importance ; they are generally of a delicate rose colour. 

Before the bloivpipe^ mixed with sodium carbonate, the 
salts of manganesium give a very characteristic green 
colour. Heated in a borax or microcosmic salt bead, a 
violet colour is produced by them. 

The alkalies precipitate white hydrated oxide, which 
rapidly becomes brown. 

The carbonates give a stable white precipitate of car- 
bonate, soluble in ammonium chloride. 

HgS gives no precipitate ; but hydro-^rnimoniurri sul- 
phide produces a flesh-coloured precipitate, if the solution 
of Mn'^ is free from Fe^ Co^ &c. 



COBALT. 

ISpmiol, Co; Atomic I^-opoHim, 5!); S.g. 8-96.] 
OcccRREKCE. — This meta! is scarce, and, when found, is 
always united with either S, arsenic (Ab), or nickel (Ni), and 
frequently with all three. It is nnet with in small quan- 
feities iu meteoriteB. The most common ore is spsiss- 
eobalt (CoAhj) and cobalt glaiwe (CoSj.CoA8j). 

History. — The roasted ores of cobalt have been used to 
prepare a blue glass, called smalt, since the beginning of 
the 16th century. The metal was first obtained iiy Brandt, 
1733. 

Preparation and Properties. — The production of pure 
oxide of cobalt is a tedious operation. When obtained, , 
the metal may be extracted by heating it to intense 
*hitenesH for an hour with C. It is a reddish-grey metal, 
hard, brittle, and magnetic. It is dissolved by the H 
Baits, forming compounds much used in the arts as pig- 
inents (from pingo, I paint). The metal is not used in the 
arts. 

Cobalt with Oxioen. 

Cobalt forms two compounds with 0, namely — 

Cobaltoua or Cobalt oxide . . . Co"0" 

Cobaltic or Cobalt aesqiiioiide . . . Co"'jO"3 



COBALTOUS OE COBALT OXIDE. 
[Oo"0" = 75.] 

The salts of Co" are more or less carmine or rose-red 

when in combination with water, and blue when anhydrous. 

The oxide is a brown powder, which becomes black if 

heatfid in the air. It is decomposed by the H salts, a 

Co" being found in solution, from which the liydrated 
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oxide may be precipitated by KHO. With ammonia and 
cyanogen, this oxide forms a number of complicated and 
curious double salts. 

Zaffre is an impure oxide of Co. 

Smalt is a powdered glass, coloured blue by oxide of Co. 

Th&nard^8 blue is formed by adding solutions of a mix- 
ture of carbonate and phosphate of sodium to a mixture 
of solutions of cobalt and alum. 

RigmarCa green is a compound of cobalt oxide with zinc 
oxide. 

COBALTIC OB COBALT SESQUIOXIDE. 
\C(/''jy\ = 166.] 

Is a black powder, soluble in H^SO^, with liberation of 
0, and in HCl, with liberation of CI, forming salts con- 
taining Co'^ It is scarcely acted on by HNO3. 

TESTS FOR COBALT SALTS. 

Before the blowpipe these salts give a bright blue 
colour to glass, to borax, to microcosmic salt, and to 
alumina ; to magnesia a pink colour, and to zinc a green. 

The concentrated solutions of salts of cobalt are blue, 
and at a certain point of dilution become pink. 

H3S gives no precipitate, but hydro-ammonium sul- 
phide a black precipitate of cobalt sulphide. 

KHO gives a blue or (in excess) red precipitate of 
hydrated oxide. 

Solution of ammonia throws down a dirty-coloured 
precipitate, which is soluble in excess, especiaUy if some 
ammonium chloride be added; when this solution is 
exposed to the air, it becomes bright pink. 



NICKEL. 

[i^mio/, Ni; Atomic Proportion, 59 ; S.g. 8-8.] 

OcocTiRENCE. — Scarce ; the most abundant orea are 

upfemiekel (NiAs) and arsenical nickel (NiAs^), arsenides 

' nicke!. It is also commonly found in the cobalt ores, 

|id is never absent from meteoric iron, 

HrsTORT. — First obtained in 1751 by Cronetedt. 

Pbbparation and Properties. — It is very difGcult to 

I obtain perfectly pure nicisel oxide or nickel oxalate ; but 

from the former the metal is easily obtained by heating it 

i-hot in a crucible with C, and from the latter by 

arly heating it alone. It is a white, ductile metal, 

fficult to melt, tenacious, and magnetic. It is used in 

i arts to form Oertnaji silver (an alloy of copper, zinc, 

nd nicliel), and ia consequently worked in large quan- 

Botb the metal and its salta in their chemical 

Fproperties resemble very closely those of cobalts 

NicSel with Ostgen. 
XicKEL forms two compounds with 0, namely — 
Ni"0" 



Grefin Niclseloua or Nickel oxide 
Black Nickelic or Nickel sesquioxide 



Ki"'0'' 



Solutions of Ni" are green, from which KHO throws 
tdown the hjdrated oxide as an appifi.^reen precipitate. 



TESTS FOR NICKEL SALTS. 

Solutions of nickel are green. 

The alkalies throw down a green hydrate, insoluble in 
^'«xceBe. 

Ammonia throws down a green hydrate, soluble in ex- 
[loesa, from which solution KHO precipitates the hydrate 
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The soluble carbonates give an apple-green basic car- 
bonate, of uncertain composition. 

HgS gives no precipitate in solutions of nickel salts, but 
hydro'-ammonium sulphide gives a black precipitate of 
nickel sulphide. 



Group B. — Lead Group. 

Three metals will be placed in this group, namely — 

Lead Pb 

Copper Cu 

Bismuth Bi 

They all oxidise in the air, especially when heated ; they 
do not decompose water at a red heat, neither are they 
soluble in HCl ; their oxides can be reduced by H. 

Their solutions may be precipitated by both HgS and 
hydro-ammonium sulphide, as black sulphides. 



LEAD. 

[St/mbolf Pb (Plumbum); Atomic Proportion, 207 ; S,g. 11 '40; 

MeUs at 330° C] 

Occurrence. — The principal ore of lead is the sulphide 
called galena. Some other salts of lead are found native, 
mostly crystalline. 

History. — Known from the earliest times, and called 
Saturn ( b ) by the ancients. 

Preparation. — Galena (PbS) is roasted in a reverbera- 
tory furnace, with the side-doors open. (See p. 17.) Much 
of the S burns away as SOj, while some of it is oxidised 
to SOg, which uniting with lead oxide (PbO) formed at the 
same time, produces PbSO^ ; part of the galena remains 
unacted upon, and as large quantities of ore are roasted 
at once, the thorough oxidation of the whole is impossible. 
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I Thus, by the process of roasting, there is formed in 
I furnace a mixture of PbO, PbSO^, and PbS, in un- 
nown proportion. The roasting heing completed, which 
fce workman Ifnows by practice, the side-doors are closed, 
;Qd the heat increased. 

As the heat increases, the doors being closed and the 
pr excluded, the S of the undecomposed PbS takes from 
%e PbO and PbSO,, forming SO, and metallic lead; the 
r escapes up the chimney, and the latter collects at 
be bottom of the furnace ; — 

2PbO + I'bS = 3Pb + SO, 
PbS + PbSO, = 2Pb + 2S0, 

jiny ore not decomposed at first is roasted with fresh galena. 
Galena generally contains a small quantity of silver, 
jtjd sometimes gold. To separate these the liquid metal is 
[on into a large iron vessel, and while cooling ia briskly 
Although pure silver melts at a much higher 
temperature than lead (see p. 7), yet an alloy of lead 
I eilver melts at a lowei- t&mperature, consequently, 
■ampa of pure lead solidify first and are removed ; the 
t portions of liquid metal containing all the silver are 
returned to a reverberatory furnace and roasted with the 
loors open, when the Pb is converted into PbO, which 
idelts by the heat and is run off, pure Ag remaining at 
the end of the operation melted at the bottom. The PbO 
thus formed is again reduced to pure Pb. 

_ Pbopebties.— A soft, bluish-white metal, easily fusible, 
Mfith considerable lustre : may be beaten out into very 
HIliD leaves, but cannot be drawn to very thin wire, and 
Hoesesses little tenacity. Volatile. It expands consi- 
^Berably when heated, and does not always contract again 
Bei its original form. Tarnishes or oxidises easily in moist 
BU, the oxide when freshly formed heing slightly soluble 
^B rain water ; and as a solution of lead is poisonous, rain 
^nter should never be collected in leaden cUtcra^', v.'^tvcx^ i 
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water containing salts of lime in solution has little or no 
action on lead cisterns. Lead is easily soluble in HNO3, 
but H2SO4 and HCl have little action on it. 

Lead with Oxygen. 

Lead forms two well-known compounds with 0, 
namely — 

Plumbic or Lead oxide PbO 

Plumbic or Lead dioxide .... PbOj, 

The grey scum formed when lead is melted in the air 
seems to be a suboxide. 

The PbOj, like the corresponding MnOj, does not form 
any salts, and red lead is a mixture of the two oxides 
mentioned above. 



PLUMBIC OR LEAD OXIDE.— Litharge. 

[PV'Cy^ = 223.J 

This oxide is used in the arts under the name litharge 
(from \l0o9y a stone, and apyvpos^ silver). It is made 
during the extraction of silver from lead (see p. 123), and 
is of a more or less yellow colour according to the mode of 
preparation. When lead is melted in an iron ladle, the 
lead becomes covered with a grey coating of oxide, which 
on continued heating becomes yellow (litharge). A white 
hydrated lead oxide is precipitated by adding a solution of 
alkali to a solution of salt of lead ; this hydrate is to a 
slight extent soluble in an excess of alkali, and such a 
solution forms an excellent test for S. Lead oxide absorbs 
CO2 from the air, forming white lead carbonate ; it melts 
at a bright red heat, and easily unites with silica and 
other bodies, forming fusible mixtures, on which account 
it is used in glass making and as a glaze for earthenware. 
(See pp. 65, 98.) It is easily soluble in HNO3 ; it acts 
as a strong basylous radical, and forms an important class 
of salts. 
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I lUd lead (PbO.PbOj) is formed by carefully heating 
litharge in the air, whea it absorbs and becomes red. 
It is of a brilliant red colour, used as a paint and in the 
manufacture of glass. It is sometimes called minium. 

Lead dioxide, biiioxide, or puce oxide is made by act- 
ing on red lead with HNO,. This decomposes the PbO 
contained in it, forming lead nitrate (Pb2N0j), which 
disBolves, leaving PbO,. 

k PLUMBIC OB LEAD NITRATE. 

[Pb2N0, = 331,] 
'ORMEB by dissolving either lead or litharge in HNOj 



soluble in water, and crystallises in octahedrons, 
ch IB commonly opaque or milky looking. 



i LEAD ACETATES. 



Lead oxide (PbO) is dissoived by hydric acetate 
(H'.CjHjO,), a normal salt TViiC^U^O^y being formed, 
■which from its sweetish taste is commonly called sugar of 
lead, and is very poisonous, 

A solution of sugar of lead can dissolve lead oside, 
PbO, a curious tribaaic salt, called in medicine Goulard's 
water, being formed (Pb"2(C2H30j)'.2PbO). This salt 
most easily absorbs COg from the air, becoming milky from 
formation of PbCOj, the normal salt 7^)2(0,11 fi^) being 
left in solution. 

PLUMBIC OB LEAD CARBONATE. 

[I-bCO, = 257.] 

Is frequently found native, in long, white, needle-shaped 

crystals. May be formed by precipitating a solution of 

sugar of lead by sodium carbonate. It is a white, heavy 

powder, insoluble in water. 
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White lead is an impure lead carbonate used as a paint. 
Lead carbonate precipitated by sodium carbonate from 
sugar of lead, does not answer as a paint, because it is 
slightly crystalline, and does not cover sufficiently. In 
commerce the white lead is made by a very slow process, 
and is perfectly amorphous. This latter preparation covers 
the work with a smooth coating of paint. Small pots 
containing a little vinegar at the bottom, have a thin piece 
of lead made to rest inside them just over the vinegar. Each 
pot is then covered, and numbers of them arranged in rows ; 
they are now covered with old tan (refuse oak bark), and 
more pots arranged in rows on the others ; these are again 
covered by tan, and the process continued. Vinegar con- 
tains hydric acetate (H.C2H3O2), the loose tan allows air 
to circulate, and the tan by decomposing produces COj, 
The lead in each pot oxidises, and the oxide is dissolved 
by the hydric acetate, which is volatile, and so reaches the 
lead, although it does not touch it. The lead acetate 
Pb2(C2H302) thus formed, dissolves lead oxide as this 
latter becomes formed, and so the salt Pb 2(C2H302).2PbO 
is produced (see Lead acetates) ; the last salt easily unites 
with 2CO2 from the tan, and forms 2PbC03. The normal 
lead acetate left, then dissolves more PbO, and so the 
process gradually continues for weeks. Finally, on the 
tan being removed, and the pots opened, the PbCOg is 
taken out, washed, ground to powder, and sold as white lead. 

White lead is often adulterated with barium sulphate 
and other white powders. Painters and workmen who 
handle lead salts are subject to a peculiar disease called 
lead or painter^a colic. 

PLUMBIC OE LEAD SULPHATE. 
[PbSO^.] 

Is a white heavy insoluble powder. It may be distin- 
guished from barium sulphate by giving a black colour 
with H^S. 
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L 

^^^^b PLUMBIC OR LEAD SULPHIDE. 

^^^^P [PbS = S23.] 

This salt occurs as a native ore of lead in galena ; it is 
frequently found crystalliaed in dark blue-black cubes; 
when freshly broken the surface possesses considerable 
Instre. (See pp. 1, 13.) It may be precipitated as a 
black hydrate by adding H^S or hydro- ammonium sul- 
phide to any salt of lead. (See C. K p. 88.) The hydrate 
is decomposed by HNOj into insoluble lead sulphate 
(PbSOj), it is also decomposed by a hot and concentrated 
solution of HCl. 

Lead sulphide is decomposed when heated with metal- 

a iron. 

PLUMBIC OE LEAD CHLORIDE. 
[PbCI,.] 
Is chiefly remarkable as being one of the only three 
ilorides which are insoluble in water. (See p. 36.) It 
lay be precipitated by adding HCl or NaCl to a solution 
f a lead salt. 

PLUMBIC OR LEAD IODIDE. 

Is a beautiful yellow salt with difficulty soluble in 
ater. May be formed by adding a solution of KI to one 
F lead acetate. 

TESTS FOR LEAD SALTS. 

Tee salts of lead are poisonous. 

Before the blowpvpe on charcoal, salts of lead are 
bduced to a malleable globule of metal, which is sur- 
Bunded on the charcoal by a ring of yellow oxide. 

The alkalies precipitate from solutiona of lead salts 
rtite bydrated oxide. 
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bonaw^ 



Tke soluble carbonates precipitate white lead carbonal 

Dihydric Bulpkate precipitates white lead sulphate, 

Hydric chloride precipitates white lead chloride, which 
ia not changed by Bolution of ammoQia. This chloride 
is slightly soluble in water. 

Potassiwn iodide gives a bright yellow precipitate of 
lead iodide. 

Potassium chrotnate gives a yellow precipitate of lead 
chromate. 

H,S and hydro-ammonium sulphide give a black pre- 
cipitate of lead sulphide insoluble in excess of the preci- 
pitant or of alkalies. With this exception all the insoluble 
salts of lead are more or less soluble in KHO. 

Lead is easily reduced from its salt* by a piece of zinc 
(the lead tree), the zinc becoming dissolved in place of 
the lead. 



COPPER. 



I 



ISffmbol, Cu (Cnpnim) ; Alomio Proportion, e3'5 ; S^. 8-96.^ 
OccTiHRBNCE. — Frequent ; sometimes native, but 
commonest ore of copper is copper pyrites or double sul- 
phide of copper and iron (CuFeSj). In Australia the 
principal ore of copper is malachite, an impure carbonate. 
History. — Known from the earliest times, and called 
Venus ( s ) by the ancients. (8ee p. 32.) 

Prepabation. — The process by which Cu is obtained 
from copper pyrites (CuFeSj) appears a most complicated 
one to a beginner. It consists of at least five distinct pro- 

Ist. The ore is roasted either in the air or in reverbera- 
tory furnaces. By this process much of the S is got rid 
of as SOj, and as Cu has a stronger affinity for S than Fe 
has, the greater part of the Fe becomes converted into 
Fe^Of, the Cu remaining in combi.Tiat.wn with S, as CujS. 
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2iid. The roasted ore is smelted in a furnace with a 
slag containing much silica. Fluor spar is often added. 
"^the FcgOj and the earthy matters of the ore are by this 
^t^eans to a great extent got rid of; a dicopper sulphide 
C^CugS) containing a little iron sulphide, sinks through the 
^ag to the bottom of the furnace, from whence it is run 
out, and is called coarse metal. 

3rd. The impure copper sulphide {coarse metal) ob- 
"tained from the furnace as above, is again roasted for 
24 hours in a reverberatory furnace to further oxidise the 
5ron sulphide which it still contains. 

4th. The re-^oasted ore is again smelted with slag as in 
process 2, to remove the FCgOg formed by process 3 ; the 
copper sulphide (CugS), which runs from the furnace after 
this process is nearly pure, and is called fine metal, 

5th. The copper sulphide obtained by process 4 is again 
roasted in the reverberatory furnace for some hours, at 
such a heat that part of the dicopper sulphide (CugS) be- 
comes converted into copper oxide (CuO), a mixture of 
CujS + CuO being obtained. The heat is now increased, 
when the mass melts, and the sulphide and oxide decom- 
pose one another thus : — 

Cu^S + 2CuO = SOa + 4Cu 

The metallic Cu sinks to the bottom and is run out of 
the furnace (blistered copper). To obtain the best copper 
the metal thus procured requires to be further refined, in 
which process any oxide is finally removed by stirring the 
melted metal with a wooden pole. This operation is 
called poling. 

The Cu from malachite can be reduced by C alone, 
assisted by a little slag to remove impurities. 

The water in the neighbourhood of many copper mines 
contains Cu, which it has dissolved as copper sulphate 
(CUSO4) obtained from the gradual oxidation of pyrites. 
\ The Cu may be precipitated from sucTi ^alet Xi^ ^^om'^ 
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scraps of clean iron in it, thus : CuSO^ + Fe = FeSO^ + Cu. 
Near copper works, as at Swansea, a white deleterious 
smoke (copper smoke) is constantly being given oflF which 
destroys all vegetation near, and contains arsenic obtained 
from the ore. 

Properties. — A metal with a well-known red colour 
(copper colour). It is rather hard, but very tenacious, 
ductile, and malleable, possessing great lustre. It is one 
of the best conductors of heat and electricity. If heated 
to nearly its melting point it is brittle, and if heated in 
the air becomes covered with black scales of oxide (CuO). 
In moist air often becomes covered with green carbonate. 
Does not decompose water, and is not soluble in cold 
H2SO4 or boiling HCl, but is easily dissolved hj HNO3. 

It is used for money, coating ships, making kettles 
and other utensils. It forms part of the alloys called 
brass, bronze, bell-metal, German silver, &c., and its 
salts are used as paints and in medicine. They are very 
poisonous. 

Copper with Oxygen. 

Copper forms two well-known compounds with 0, 
namely — 

Red Cuprous or Dicopper oxide . . Cu'^Cy. 
Black Cupric or Copper oxidtt . . Cu^'^'O'". 

The CuO is the oxide of chief importance ; its salts arc 
generally green or blue when hydrated, and white when 
anhydrous. 

CUPROUS OR DICOPPER OXIDE. 

[Cn'fi'' = 143.] 

This oxide occurs native, crystallised in octahedrons, 
and called octahedral copper ore ; it is of a red or yellow 
colour. It can be prepared artifi,cially by adding solution of 



\ 



f COPPEK OXIDE — SULPHATE AND SULPHIDE. 131 

KEO to a mixture of copper siilpbate and grape sugar. 
Bid gently warming the blue solution, when a copious 
vale yellow or red precipitate of Cu,0 is formed. 

I CUPRIC OE COPPER OXIDE. 

I [Cii"0" = 79'5.] 

[ A BLACiC powder, forms the black scales when Cu is 

[teated in the air. Is generally obtained for use in the 

pboratory by heating copper nitrate (Cu2N0g) in a 

Rucible. 

I It may be precipitated as a beautiful blue hydrate 

KluO.HjO) by adding KHO to a solution of any of itfl 

Hlte. This hydrate loses its water and becomes black 

nhen boiled. Tlie hydrate is soluble in ammonia forming 

H' beautiful deep purple blue coloured liquid. 

[ The oxide is hygroscopic; it is easQy reduced to the 

metallic state when heated, by either H or C. (See G. N. 

ksi.) 

I OUPRIC OR COPPER SULPHATE.— EtfE Viteiol. 
I [CuS0^.6H,0 = 169-5 + 90.] 

V Mat be formed by boiling Cu in dihydric sulphate (see 
£>'. JV. p. 83) ; on the large scale by roasting copper buI- 
Hlide (see p. 102) and lixiviating the mass in water. Forma 
BTge clear blue crystals soluble in 4 parts of cold water. 
PRien heated it loses its water of crystallisation, becoming 
nite, and has then so great an affinity for water that 
it iB frequently used to deprive other bodies of it. It is 
nrgely employed in calico printing. 

I CUPRIC OB COPPER SULPHIDE. 

I [CuS = 95-5.] 

PMat be formed by beating Cu in vapour of S (see p. II), 

■ is ako thrown down of a dark brown or black colour 

b xi 
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whenever H^S or hydro-ammonium sulphide is added to 
a solution of a salt of Cu^'. There is also a sulphide Cu'jS 
formed during the process of copper smelting. 

CUPRIC OR COPPER NITRATE. 
[CU2NO3+GH3O = 187-54-108.] 

This salt is easily obtained by dissolving Cu in hydric 
nitrate (see C, N, p. 69). The salt is deliquescent, and is 
used for fireworks. It is of a fine blue colour. 

CARBONATES OF COPPER. 

There are several impure hydrated carbonates of copper 
foxmd native, of which malachite is the most famous ; they 
all contain hydrated oxide. The pure carbonate has never 
been formed. When any salt of Cu^' is precipitated by 
sodium carbonate a green or blue precipitate of a mixture 
of hydrated oxide and carbonate of copper is obtained. 

Blue copper ore . . . . 2(CuC03)+CuO.H20 
Green copper ore or malachite . (CuCOj) -j- CuO.HgO 

There are two chlorides of copper corresponding to the 
two oxides. The one, white C\i\C\\^ formed when Cu is 
heated in CI gas : it is insoluble in water but soluble in 
solution of HCl. The other, green and may be formed by 
decomposing the hydrated oxide (CuHjOj) with HCl, when 
Cu'Tlg is formed ; it is soluble in water. 

TESTS FOR COPPER SALTS. 

The red oxide C\i!jd'' gives a beautiful blood red colour 
to glass. 

The black oxide Cu"C gives a beautiful green colour 
to glass ; when heated on charcoal before the blowpipe and 
covered with sodium carbonate to act as a flux, a globule 
of metallic copper may be obtained. 
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^H The salts of copper are very poisonous. 

Hi The alkalies KHO and NaHO precipitate pale blue 

^^ydrated oxide, which turns black when boiled. 

Ammonia precipitates pale blue or green hydrated oxide, 
^hich dissolves in excess of ammonia to a beautiful deep 
Purple blue colour. 

The soluble carbonates precipitate green hydrated 
oxy-carbonates, which are soluble in excess of ammonium 
carbonate, 

Potnssium feirocyanide gives a claret-coloured pre- 
cipitate in solutions of copper salts, insoluble in HCl. 
A stnp of clean iron placed in solution of copper, to 
^which a few drops of a solution of H salt has been added, 
recipitates bright metallic Cu, the iron being dissolved 
a place of the copper. 

HjS and hydro-ammonium sulphide precipitate black 
^pper sulphide. 



BISMUTH. 

ISymUl, Bi; Atomic PropoHioti, 310; S.g. 8'8.] 
OccnRBENCE, HiSTOBT, AND PREPARATION, — Eismuth W 

oly found in a few places, and is not very abundant; the 
bief supply comes from Saxony. Was discovered in 1529 
y Agricola. Is mostly found native, and simply requires 
a be melted out of the matrix in which it occurs ; is also 
lisioDally found as sulphide. It is used as a medicine, 
lad as a paint for the face. 

[ Fbopekties. — A reddish-white metal, hard, brittle, vola- 
;, and crystalline ; its crystals are really rhombs although 
Bey look like cubes. It forms alloys, the chief of which 
u/usible metal, composed of 2 partB of Bi, 1 of Pb, and 
I of Sn. The metal easily oxidises when heated io the 

■, burning with a bluish flame. It is also rapidly di 
dred hy hydiic nitrat«, forming Bi"'3([KQ^' -V^^&^< 
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Bismuth with Oxygen. 

Two compounds of Bi with are well known, others 
being doubtful. 

Bismuthic or Bismuth sesquioxide . . Bi'^'jCg 
Bismuthic or Bismuth peroxide . . Bi'gO'^s 

The sesquioxide Bi^Og may be formed by (1) heating 
the metal in the air, or (2) by heating the basic nitrate to 
low redness. It is a yellowish powder, insoluble in water, 
easily melts, and may be reduced by H or C to metallic Bi. 
A white hydrated oxide may be precipitated from a solu- 
tion of bismuth salts by ammonia. 

The broivn BijO^ is of little importance. It may be 
obtained by passing CI through BijOg suspended in solu- 
tion of KHO. 

BISMUTHIC OR BISMUTH NITRATE. 
[Bi'^^3(N03)'+5H20 = 396+90.] 

This is a soluble salt of Bi, of much importance. It 
is easily obtained by dissolving Bi in HNO3, from which 
solution the salt may be obtained in fine large crystals. 

There is a peculiarity with the salts of Bi — namely, if 
much water be added to them, they turn milky , a white, 
basic, insoluble salt falling as a precipitate. Thus, when 
solution of Bi3(N03) is thrown into water, a white basic oxy- 
nitrate, called tris-nitrate of bismuth^ is thrown down 
(Bi'''[(N03)'0''].H20), a small quantity of bismuth re- 
maining in solution. It is used in medicine. 

BISMUTHIC OR BISMUTH CHLORIDE. 
[Bi^^'Crj = 316-5.] 

Is formed (1) when the metal is dissolved in a mixture 

of HCl and HNO3, or (2) when Bi203 is dissolved in HCl. 

WAen thrown into water^ like tKe mtxate^ it decom- 
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poses into an oxycliloride salt, which is insoluble in water, 
ai^ci much used as a face powder (pearl white) — 

3(Bi^''Cig 4- aqua = lBi''\(CVJ[y';),nfi] + 6HC1 

The chloride of bismuth resembles the chloride of anti- 
lO^ony, in forming a white precipitate when thrown into 
^'^''si.ter ; this reaction is very characteristic of the salts of 
t-lie two metals. The white precipitates may easily be 
distinguished from one another, for the antimony salt is 
Soluble in hydric tartrate, while the bismuth salt is not. 

BISMUTHIC OR BISMUTH SULPHIDE. 

[Bi'^^aS'^g = 516.] 

Occurs native. When solutions of Bi are treated with 
HjS, a black precipitate of sulphide is formed. 

TESTS FOR BISMUTH SALTS. 

Before the blowpipe on charcoal^ they are reduced to a 
brittle globule of metallic Bi. 

The alkalies precipitate white hydrated oxide. 

When thrown into a large quantity of water, a white 
insoluble oxysalt is produced. This precipitate is some- 
times difficult to produce in presence of large quantities 
of free H salts. The oxysalts are not soluble in dihydric 
tartrate {llyCJlfi^. 

Potassium chromate gives a yellow precipitate of bis- 
muth chromate, insoluble in KHO, but soluble in dilute 
solution of HNO3. 

HjS throws down a black sulphide insoluble in hydro- 
ammonium sulphide. 



Group C. — Tin Group. 

Three metals will be considered in this group, 

namely — 

Tin Antimony Arsenic or Arsenicum 
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The following metals also belong to this group to the 
extent, that, like those above, they form distinct mm- 
basylous oxides : — 



Titanium 

Molybdenum 

Tunffsten 



Vanadium 

Tantalum 

Columbium 



\ 

I 

I 

I 

] 



All these metals form a class of salts called, respectively, 
stannatea, antimoniatesy arseniatea^ titaTiates, molybdates^ 
tungstateSf vanadiatea. The metals tantalum and ca- 
lumbium also form similar salts ; little, however, is known 
about them. 

Bismuth forms a non-basylous oxide, on which account 
it might be classed with the Tin group ; its salts also bear 
some relation to those of antimony; in other respects, 
however, it does not belong to the Tin group. 

The metals of this group, with the exception of arsenic, 
decompose water at a red heat. They do not liberate H 
when in contact with non-basylous hydric sulphate (H^SOJ, 
or hydric chloride (HCl) when cold. They liberate H in con- 
tact with baayloua hydro-potassium oxide (KHO). They 
each form more than one compound with S, the per or 
higher sulphide being aoluble in hydro-ammonium sul- 
phide — that is, their persulphides form double and soluble 
salts with the sulphides of the alkalies, many of which may 
be crystallised similarly to the double salts. HgS, in pre- 
aence of HCl, precipitatea theae metalafrom their aolutions. 



TIN. 

\_Symholy Sn (Stannum) ; Atomic Proportion^ 118 ; S.g, 7*30 ; 

MeUing Point, 228^ C] 

Occurrence. — In few localities ; almost entirely as Tin- 
atone (Sn^^O^'g)' ^^ is found chiefly in Cornwall, which 
has been noted from very early times for its tin ores ; it is 
also found in Malacca. It does not occur native. 
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BsTORT, &c. — Called by the ancients Jupiter {%). Pliny 

RiJB the Phcenicians traded with Britain for tio, which 

hey used in the manufacture of bronze. It is prepared 

wily by first crushing, roasting, and washing the ore (see 

15), and then heating it in a reverberatory furnace 

pith coal, and a little lime to act as a flux. It is after- 

■ds remeited very carefully, and the purer portions, 

■i'luch melt first, separated from an impure alloy containing 

' !, Pb, and Cu, &c. 

Tin is a silver-white, very lustroua metal ; does not tav- 
oieh or oxldke in the air; is soft, very malleable (tin-foil), 
and when in bars crackles if bent. It is not volatile, and 
burns in the air to oside, SnO^. 

Tiu is not dissolved by cold but is by boiling HCl, with 
libei-ation of H, and HNO3 converts it into a white in- 
soluble powder, the SnO,. The salt HNOj has a similar 
action on antimony. (See p. 141.) 

Tin forms part of the alloys called bronze, bell-metal, 
pewter, britannia metal, and solder. It is also used to 
coat clean sheet iron, which is then called tin-plate. 

Tin with Oxtqen. 
There are two principal and well-known oxides of tin, 
namely — 

StunnouH or Tin oxiif. . . . Sii"0" 

I Stannic or Tin dioxide . . . Sn'"0"3 

L The Sn"0" is a violet -black powder of little importance ; 
1^ white hydrated oside may be precipitated. The salts of 
KBn''] especially the chloride Sn"C!j are however of impor- 

■ STANNIC OB TIN DIOXIDE. 

I [SnO, = 150.] 

H This ia the most important compound of tin. 

H 1. It occurs native as tinstone. 

^L 2. It is formed when Sn is burned in the air. 
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3. It is formed when Sn is acted on by (HNO3). 

4. By precipitating SnCl^ with solution of ammonia x.t 
a carbonate. 

Properties. — The native mineral is brown and very 
hard. It is iDSoluble in H salts, but soluble after fusion 
with KHO as potassium stannate. Prepared by process 2 
or 3 it is a white powder insoluble in H salts, but soluble 
in the alkalies ; it forms the putty powder used to polish 
plate, and to give white opacity to enamels. As prepared 
by process 4 it is soluble in H salts, but if heated it is con- 
verted into the insoluble oxide. The hydrated oxide is a non- 
basylous radical forming a class of salts called stannates. 

The salts made from the soluble SnOg have a formula 
corresponding to HgSnOj, and those from the insoluble 
variety HgSngOu. The stannates are much used by the 
dyers. The Un-prepare liquor is a sodium stannate. 

Tin with Sulphur. 

There are two well-known compounds of Sn with S, 
corresponding to the two oxides, namely — 



Brown Stannous or Tin sulphide . . . Sn^'S^' 
Yellow Stannic or Tin disulphide . . . Sn^'^S 



// 



The brown sulphide is produced by passing HjS through 
a solution of Sn^'; the precipitate is soluble in hydro- 
ammonium sulphide, and a strong solution of HCl decom- 
poses it, forming Sn'Tlg and liberating HgS. 

STANNIC OE TIN BISULPHIDE. 

[Sn^'^S^^a = 182.] 

This sulphide, called mosaic gold, from its beautiful 
yellow colour, is very like the sulphide of As in appear- 
ance. It may be precipitated from a solution of Sn^^ by 
HgS. It is, like sulphide of As, soluble in hydro-ammo- 
ninm sulphide. When the two sulphides are mixed 
together they are difficult to Bepax^ite "perfectly. 
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Tin with Chlorine. 



There are two chlorides of tin corresponding to the two 
sides, namely — 

Stannous or Tin chloride . . . Sll"Cl', 
Stannic or Till tetracliloride . . Sn"Cl't 

STANNOUS OB TIN CHLORIDE. 
[Sn"01'a = 189.] 
Is commonly prepared hy hoiling Sn in solution of 
HCl, when H is liberated, SnCl^ being formed and dis- 
Bolved ; it may be crystallised (SnCij.aHjO) when it forma 
he salts of tin of the dyer. By heat the 2HjO may be 
■ed. When these crystals are dissolved in a large 
[nantity of water tbey decompose, formiog an oxychloride 
md making the solution miUci/, much in the same way as 
he antimony and bismuth salts do. This chloride, con- 
aining Sn", has a great power or desire to attract or CI 
nd pass into Sn'% on which account it is frequently used 
reduce other bodies ; thus, salts of Hg are reduced to 
he state of metal by it. Gold chloride is also decomposed 
y it, and a purple precipitate of gold and tin, called 
ttTple of Casaius, formed. 

STANNIC OE TIN TETRACHLORIDE. 
[Sni'Cl', = 260.] 
This chloride is a thin, volatile, colourless liquid fuming 
the air, and formerly called spirit of Libaoiue. (See 
, 18.) It is obtained by distilling Sn with four times 
I weight of mercury dichloride (HgClj) : — 

SHgCl, + Sn = 2Hg + SnCl^ 
Care mu.'^t he taken to have the material free from 
loisture, as water decomposes it. 
It may also be made by passing CI over melted Sn, 
This chloride may be dissolved ia a smaJi. t^iKcciiATj oH. 
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water. An impure solution of tetrachloride may also be 
made by dissolving Sn in a mixture of HCl and HNO3, or 
in a mixture of HNO3 and ammonium chloride. 

TESTS FOR TIN SALTS. 

Metallic zinc precipitates Sn in the metallic form from 
all it-s solutions. 

Before the blowpipe^ on charcocdy with a little NaC03 
for a flux, the salts are reduced, a globule of metallic Sn 
being formed. 

Salts containing Snf\ 

The alkalies KHO and NaHO precipitate white hydrated 
oxide, soluble in excess. The solution is partly decom- 
posed by boiling. This precipitate is not soluble in am- 
monia. 

HjS precipitates brown sulphide of tin, soluble in hydro- 
ammonium sulphide. 

With a dilute solution of gold chloride a purple preci- 
pitate is formed (purple of Cassius). 

Salts containing Sn\ 

The alkalies precipitate white hydrated oxide, soluble 
in excess. 

HgS precipitates yellow sulphide of tin, soluble in hydro- 
ammonium sulphide. 



ANTIMONY. 



Symbol, Sb (Stibium) ; Atomic Proportion, 122 ; S.g, 6*70 j Melts at 

Occurrence. — Tolerably abundant; generally as grey 
or black sulphide {grey anti/mony ore\ sometimes native. 

History. — Discovered by a monk named Basil Valentine. 
He gave a salt of antimony to some pigs, and found that 
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tbey got fat on it; he then gave some to his brother 
monks, to make them fat, but the monks became very 
sick and ill, in consequence of which he called it antimony 
(antimoine) (from avri^ against, and fiova^os^ a monk). 
The salt called butter of antimony is now sometimes 
given horses to make them look sleek, but its use re- 
quires care, as all the salts of antimony are poisonous. 
Many of them however are used in medicine. 

Pure antimony was first obtained in the fifteenth 
century. 

Preparation. — The native sulphide is first melted out 
of the matrix in which it occurs, and is collected. 

1. The sulphide (Sb''''2S'''3) is melted with scraps of iron : 

SbjSs + Fe, = 3FeS + Sb^. 

2. A mixture of sulphide, crude tartar, and nitre is 
thrown into a red-hot crucible. 

3. The sulphide is roasted in the air until the S is 
burnt away as SOg and the antimony converted into oxide. 
The so-formed impure oxide is smelted with charcoal and 
a little sodium or potassium carbonate is added to act as 
a flux. The metal collects under a layer of slag. 

Properties. — A tin-white, lustrous, crystalline and very 
brittle metal, so brittle that it may be powdered in an 
earthen mortar ; does not easily tarnish in the air, melts 
readily, but is not so volatile as As ; when heated, burns 
in the air, forming a white oxide {Sh^^\O^W 

The salts HCl and H^SO^ do not dissolve Sb luhen cold, 
but do when heated. 

HNO3 attacks the metal, converting it (like Sn) into a 
white insoluble oxide Sb^g^^'^'g. 

The alloys of antimony are important — type metal com- 
posed of Pb and Sb, with someiiraesSny pewter^ Britannia 
metal, and the old pocula emetica. The Sb causes the 
alloy to expand slightly in cooling, thus giv^ing great 
sharpness to the casting. 
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ANTIMO^'T WITH OXTQEN. 

There are two well-known compounds of Sb with 0, 
namely — 

Antimonious oxide or Antimony sescjuioxide . . SV^\(y\ 
Antimonic oxide or Antimony peroxide , . . Sb'gO^'g. 

There is a grey body, probably a mixture of oxides. 

ANTBIONIOUS OXIDE ob ANTIMONY SESQUIOXIDE. 

[SV'fi'^ = 292.] 

Preparation. — This oxide may be formed — 

1. By burning Sb in the air. 

2. By decomposing SbgSg by an only moderately strong 
solution of HNO3. 

3. By pouring antimony trichloride (SbClg) into water, 
with addition of a little NaCOg to complete the precipita- 
tion; when a milky precipitate of hydrated oxide is 
formed. 

Properties. — Either as a white powder (hydrated oxide) 
or clear lustrous crystals of anhydrous oxide obtained by 
sublimation. Insoluble in water and HNO3, soluble in 
strong solution of HCl and KHO, also in potassium ditar- 
trate, with formation of tartar emetic. 

It is dimorphous, crystallising in octahedrons and 
rhombic prisms. It is easily reduced to Sb by C or H. It 
acts the part of a weak non-basylous radical. 

ANTIMONIC OXIDE ob ANTIMONY PEROXIDE. 

l^KO\ = 324] 

Preparation. — This oxide may be produced — 

1. By acting on Sb by very strong solution of IINO3. 

2. By pouring antimony pentachloride (Sb^CFg) into 
water. 

3. By melting Sb with nitre (KNO3), when potassium 
antimonmte is the result* 



ASTIMONT WITH SULPIIUK ASD CULORINE. 

Propehtie?. — The hydrated oxide is a white powder, 
the anhydrous oxide p:ile yellow. It loses when 
strongly heated, formiog a grey oxide. 

It is insoluhle in H salts, but is soluble in the alkalieg, 
forming a class of salts called antvmoniates, the anti- 
mmiiate of sodittm being an insoluble salt, the only in- 
soluble salt of Bodiurn known, that can be used as a test 
for that metal. 

Antimony with Sulpiiur. 

Two sulphides of Sb are known, corresponding to the 
two oxides, namely — 

Antimoaious aulphido or Antimony aesqiii sulphide . Sb"',S", 
Aotimonic Bulplude or Antimony perBulphidu . Sb', S'\ 

The latter is called gold sulphur,, and forms a class of 
double sulphur salts ; the double sulphide of sodium and 
antimony being Na'3Sb'.S"^ + 9HaO. 



[Sb"',S", = 340.] 

This body is found as the grey-black native sulphide. 

[precipitated by HjS from a salt containing Sb"' as from 

Ihe trichloride {Sb"'Cl'j), it is of a deep orange-red colour, 

F&nd if made to crystallise turns to grey-black. 

Antimony with Chlobime. 
There are two chlorides of antimony, corresponding to 
the two oxides and the two sulphides, namely — 

Antimonioua clloride or Antimony triohloride . Sb"'Cl'j 

Antimonic cbloride or Antimony pentatliloiida . Sb' Cl'j 

The trichloride (SbClj) is easily formed by dissolving 
Bie native SbjSg in strong solution of HCl ; large quan- 
" ties of HjS are given off (see C. N. p. 87) :— 
Sb"',8", + eHCI = 2(Sb"'a'4) + 8H4S 
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Like the chlorides of Bi and Sn, it is decomposed when 
thrown into water, a curious white oxy chloride being pre- 
cipitated, called powder of algaroth^ 2SbCl3.5Sb203. If 
this powder be dried and heated in a retort, the chloride 
SbCl3 distils over as a thick liquid, which sets when cold 
to a body like common butter, called butter of antiinony \ 
the oxide Sb203 remains in the retort. (See p. 18.) 

The trichloride is a volatile, fusible, deliquescent, cry- 
stalline solid, soluble in solution of HCl or in a arriall 
quantity of water. 

The pentachloHde (SbCl^) may be prepared by — 

1. Passing dry CI over Sb gently heated. The metal 
takes fire, and the chloride distils over. 

2. By passing CI through the trichloride. 

Properties.— A colourless, heavy, volatile, smoking 
liquid. Decomposes when thrown into a large quantity 
of water, forming HCl and Sb^g^'^'g. 

ANTIMONIUllETTED HYDROGEN. 

[HsSb.] 

This gas has never been obtained pure. It is given off, 
together with free H, whenever Zn, a salt of antimony, 
and H2SO4 are mixed together. 

If this gas is passed through a glass tube heated at one 
place, the gas is decomposed at that point, and the Sb de- 
posits on the glass as a bright black ring. 

When the gas is burned in the air, the flame gives white 
fumes of oxide ; and if a cold body — say a clean white pot 
— be held in the flame, Sb is deposited as a black spot 
where the flame touches. This is called Marshes test 

TESTS FOR ANTIMONY SALTS. 

Before the blowpipe, the salts of antimony are either 
partly or entirely volatile. 
They are poisonous. 



TESTS FOB AKTIMO>T. — AESE.VIC. Us 

■ Except the potassio-tartrate (tartar emetic), most of 
e salts of antimony are decomposed, or turn milky when 

f diluted with water. This precipitate or milkineaa 

■ dissolved by either hydric tartrate or potassium bitartrate. 
2 Tke aUcaliea precipitate (in absence of hydric tartrate) 
Ewhite precipitate, soluble in excess. 

' Am/monia and the soluble carbonates give a white pre- 
pjpitate, nearly insoluble in excess. 

HjS gives a characteristic orange-red precipitate with 
felts of antimony, which is soluble in kydro-ammonium 

■'ItiABBH'fi Test. — By antimoniuretted hydrogen. The 
pjack ring or spots are easily soluble in hydro-ammonium 
alpbide, and are vnsoluble in Bolution of chloride of lime. 
Eeinsch's Test. — By boiling strips of clean copper in a 
iolution of antimony to which a few drops of solution of 
HCl have been added. The copper becomes covered with 
kdark coating of metallic antimony. 



ARSENIC. 

[%»ii(j/, As ; Atomic Proportion, 76 ; S.g. 5'8.] 
OccnBEENCB.- — Widely distributed, in small quantities, 
arough many metallic ores ; often found native, but mostly 
1 combination with Fe, Co, Ni, and S. 
History. — Several compounds of this metal appear to 
i been known and used as poisons from the earliest 
SitBtoric times. Biandt, in 1733, first carefully studied it. 
t was formerly known in commerce under the name of 
^baUum. Its salts are used in medicine. 

Pbepabahon. — There are several ways by which As is 
^tained: — 

. By subliming any ore which contains the metal in 
B native state. 
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2. By subliming mispickel (FeAsS), when As goes oflF, 
FeS remaining. 

3. By roasting any ore of arsenic, when the As sublimes 
as AsgOg, which is carefully condensed in large rooms. The 
AsgOg is then reduced by C and heat. 

Properties. — ^A brilliant, dark steel-grey, lustrous metal, 
which soon tarnishes in the air ; it is nearly as brittle as 
Sb, and far more volatile. When volatilised in the air 
(as on a piece of charcoal before the blowpipe), it emits a 
peculiar, garlic-like smell ; as all vapours of arsenic are 
highly poisonous, care must be exercised in experimenting 
with it. 

This metal resembles P very closely, forming classes of 
salts, the arsenates^ which are very like the phosphates 
in composition. 

It is easily dissolved by HNO3, with formation of As^O^'^; 
it is soluble in a solution of bleaching powder, and is 
scarcely acted on by HCl. 

Arsenicum with Oxygen. 

Arsenicum forms two compounds with 0, corresponding 
to the oxides of N, P, Sb, and Bi, namely : — 

Arsenioufl oxide or Arsenic sescjuioxide . . As^O^'j 
Arsenic oxide or Arsenic peroxide . , . As^g 0^\ 

When As is exposed to the air, a black film forms on it, 
which may be an oxide {h&\0^^) ; it is partly soluble in 
water, forming the fly water (poison) of the apothecary's 
shop. 

The oxide AsjOg resembles very closely the body PgOg. 
They are both ^rivalent non-basylous radicals, and unite 
with 3 molecules of water, forming the normal H salts; 
thus : — 

As^O'^s + SHgO = SCH-.AsOA the trihydric arsenate 
V\0'\ + 8H^0 = 2(Hs.P0j, the trihydric phosphate 
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Again, the analogy between the two non-baaylous oxides 
IPjOj and AsjOj may be thus shown : — 

Ab"',0". + 3H,0 = 2(H„.AsO,), trihydric arBenite 
P"',0'^ + 3H,0 = 2(H,.P03;, triliydric phosphite 

The fact that AsjOj does not crystallise with 3 molecules 

■•jof HjO, and that the three H in H^PO, have not as yet 

Jllieen auhstituted by metal, does not alter the position and 

Ktmalogy these salts bear to one another, (See G. K p. 91.) 

Further, N occurs as N'jff'j and as N'"jO"j; these 

have never yet been obtained in combination with 

more than 1 molecule of H^O ; thus : — 



N- O", + HjO = 2(H.N0j)', 
N%0^3+ H,0 = 3CH.N0J', ■ 



These, therefore, correspond to the moiio-hydric phos- 
|phate (HPOg)'. (See p. 64 ; also see C. N. p. 92.} 

From analogy, however, it is not impossible but that 
ome day a body (HjNO^)'" will be discovered correspond- 
jUng to (HjPO^)'", as well as the present (HNOj)', which 
(Drresponds to (HPOj)'. 



AESENIOUS OXIDE ob AESENIC SESQUIOXIDE. 
[As"',0"3 = 198.] 

This body is one of the oldest poiaona known. It is also 
|le commonest form in which As is met with, and is found 
e market under the names of ivhite arsenic, glass of 
vsenic, and often simply called arseitic, 
I Pbbpabation. — The metal Aa easily unites with : — 
I 1. By roasting arsenical pyrites (FeAsS) in a current of 

:, and collecting the vapours of As^Og which escape. 
1.2. By roasting the native metallic As in a current of air. 
13. By dissolving metallic As in a dilute solution of HKOg. 
I Pkoperties. — It occurs in two forms, namely : — 
ll. When first sublimed in large quantities, aa a clear, 
^eoua, and transparent solid, like glass. This, however. 
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by keeping slowly changes to an opaque mass^ like white 
porcelain, its composition remaining the same. 

2. Sublimed carefully in very small quantities, or cry- 
stallised from a solution of HCl, it is deposited in beautiful 
lustrous transparent regular octahedra. 

It is only slightly soluble in water, more so in HCl, 
and easily taken up by alkalies, an araenite of the alkali 
being formed. These arsenites are all soluble in water, 
do not form crystals, and are very poisonous. Fowler^s 
solution, used in medicine, is an arsenite of potassium. The 
arsenites have a formula corresponding to H'3.(As03)'''. 

The arsenites of the alkaline earths are insoluble in 
water, on which account lime and magnesia are very use- 
ful antidotes in case of poisoning by arsenic (from avrly 
against, and SlBcjfii, I give). 

Freshly precipitated hydrated oxide of iron is also given 
as an antidote. An insoluble arsenate of iron is formed 
(Fe32AsOJ. 

This non-basylous oxide also forms salts with the heavy 
basylous oxides, which are chiefly insoluble in water, but 
poisonous ; thus : — 

Scheele's Green, or arsenite of copper (CUH.ASO3), 
formed by adding copper sulphate to a hot solution of 1 
part of AsjOg and 3 of KCO3. Arsenite of silver (Ag3.AsOg), 
a ca/nary-yellow coloured precipitate. 

The vapour of AsgOg has no smell. 

ARSENIC OXIDE or ARSENIC PEROXIDE. 

[A83O5 = 230.] 

This oxide is found in certain native arsenates. It was 
discovered by Scheele. 

Preparation. — ^By dissolving either As or AsjOj in a 
strong solution of HNO3 ; red fumes are given oflF, AsjO^ 
being formed. 



r 



AKSESICUM WITH SULPHUR. 



When Ab is fused wijh potassium nitrate (KNO3), a salt, 
potassium arsenate, is formed. 

Pbopehties. — A white, fusible, heavy solid, soluble in 
^ater, from which solution it may be oryst-allised as the 
sormal trihydric arsenate (HjAsO^). 

The arsenates are an important class of salts, presenting 
^eat analogy to the tribaaic plutsphates ; thus there are 
irsenatea with the following composition : — 

Na' (AbO.)'" + 12H,0 

H'Na'j(ABO,)"' + 12IL0 

H' Na'CAsO,)'" + H.O 

(H,N)'Mg"(AsOJ"' + GH,0 

As Mg ajid P may be estimated by means of the in- 
BOluble crystalline salt (HjNjMgPOj (see p. 90), so cau 
either Mg or As be quantitatively estimated by means of 
the salt (H^N)MgAsO^. 

The AsjOj is less poisonous than As^Oj ; it is reduced to 

.e state of AsjOj by means of dihydric sulphite (H^SOj) ; 

lus: — 

HjAsO, + HiSOj = IIjAsOj + H,SO^ 

1 reaction is of great importance in analysis, as HjS 
inly precipitates a yellow sulphide (AsjSj) very slowly 
from AbjO( ; the whole of the As may however be rapidly 
precipitated as sulphide (AsjSj) from As^Oj. With silver 
aitrate, any soluble arsenate iorms a, red-brown precipitate 
if arsenate of silver (Ag^-AsO^). 

Arsenicum with Sdlphub. 
Arsenicttm forms three important compounds with S, 
two of which are found native, namely, realgar and orpi- 
tnent: — 

Arsenic sulphide . . Aa", S"j Eealgar 

Arsenic sesquisulphide . As" jS", Orpunent 
Araaoic persulphide . . As', S'\ 

Recdgar may be produced artificially, and is used for 
dking white Indian fire. 
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Oiyiment (k^''\0''^ is the sulphide precipitated when- 
ever HgS is passed through a solution containing As'''' and 
free HCl ; if there he no free H salt present, the solution 
is only coloured yellow^ without a precipitate hdng 
formed. It is insoluble in water and dilute HCl or H^SO^ ; 
it is decomposed by HNO3. It is dissolved hy ammonia 
and the fixed alkalies ; also by ammonium sesquicarbonate. 
It is also soluble in hydros-ammonium sulphide. It is a 
component of the paint Tangos yellow. 

ARSENIC PERSULPinDE. 
[AS2S5 = 310.] 

This salt, sometimes called pentasulphide of arsenic, 
corresponds to the peroxide AsgOg, and is noted on account 
of ite power to form double S salts. Thus, if through a 
solution of sodium arsenate (NajHAsO^), the gas HgS be 
passed so long as it is dissolved, the of the salt is removed 
and S substituted for it ; thus : — 

Na^ILAsO^ + 4II2S = NftjH.A8S^ + 4H2O 

When HCl is added to this salt., it is decomposed, bright 
yellow persulphide AsgSg being precipitated. 

Arsenicum with Chlorine. 

There is only one chloride of arsenicum known, the 
trichloride (As^'Cl'g) or(As2Clg) corresponding to the oxide 

As 2^ 3' 

The chloride corresponding to AsgOg has never yet been 
obtained. 

THE TRICHLORIDE. 

[AS3CI.] 

Mat be easily formed by bringing metallic As and CI 
together. It is a heavy oily-looking colourless fuming 
liquid, which decomposes when thrown into water. 
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TEIHYDRIDE OF ARSENICUM or ARSENIURETTED 

HYDROGEN. 

[H,Ab.] " 

Is a ga3 of great importance as a test for arsenic; it 

Corresponds to the trihydrides of antimony and of phos- 

ptopusu 

The gas is produced whenever Zn, H^SO,, and a salt of 

As are mixed together. Like the antimony compound, it 

fcurns with fiame, and if the tube through which it is 

passed be heated at one place, the gas is decomposed and 

a mirror of metallic arsenic deposited inside the tube near 

that place. If a stream of H^S be now passed throxigh 

I the same tube when cold, the Aa is converted into yellow 

V AsjSj. If now a stream of dry HCl gas be passed through 

Kthe tube, the yellow sulphide is not acted upon. But if 

Wgt, were antimony sulphide it would be. Tim reaction ie 

Kne meaiis of distinguishing Sb from, Aa. Spots of 

fcietallic As are also deposited on a cold body, as a piece 

Kif porcelain, for example, if held in the flame of the gaa. 

^phese spots are of a lighter colour than those produced 

Hr^ Sb under similar circumstances. (See p. 144.) 

H TESTS FOR ARSENIC. 

^K^ The metal is volatile, and gives a garlic-like smell when 

^Beated before the blowpipe flame. 

B AsjOg is volatile, and the vapour free from smell. 

W HjS produces a bright yeUoiu precipitate in salts of 

I As'" and As', in presence of free HCl {see p. 150); the 

bprecipitate with As' is but slowly produced, so that the As' 

Ha usually reduced to As'" by means of SOj and then tested 

^H,S. (Seep. 149.) 

H Copper sulphate produces a green precipitate, called 

Rpidieele's green. (See p. 148.) 

I Siimer ■nitrate gives a yeUotv precipitate with salts of 
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As''''' (see p. 148), and a red-brown with salts of As^ (see 
p. 149). For delicate testing an ammonio-sulphate of 
copper and an ammonio-nitrate of silver are used to test 
for arsenia They are formed by precipitating either 
normal salt with solution of ammonia, and adding am- 
monia until the precipitate is nearly dissolved. The clear 
solution is used as a test. The solution of As to be tested 
must be free from any excess of H salt. 

Marsh's Test — By arseniuretted hydrogen (see p. 151, 
and also anljimoniuretted hydrogen, p. 144). 

Reinschs Test — When bright Cu is boiled with free 
HCl, the copper remains bright, the HCl having no action 
on it (see p. 130). But if a solution containing As be 
boiled with Cu as above, the As is precipitated in the 
form of a dark grey film of metal on the bright Cu. If 
such coated copper be carefully dried and heated in a 
narrow glass tube open at both ends and held in a slanting 
position, the As oxidises to AsgOj, and condenses, form- 
ing a ring of white octahedral crystals in the cold part 
of the tube. 

A similar action takes place with Sb, but the oxide of 
Sb formed is less volatile, and amorphous. (See p. 145.) 



Group D. — Noble Metals. 
Five metals will be treated of in this group, namely : — 



Mercury 


. Hg 


Platioum . 


. Pt 


Silver 


. Ag 


Palladium . 


. Pd 


Gold . 


. Au 







There are also four other metals generally associated to- 
gether in the ores of platinum ; they belong to this group, 
but are neither plentiful nor very useful, namely : — 



Rhodium 
Osmium 



Iridium 
Buthenium 
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iFhere is little family relationship between the metals of 
ihis group beyond the fact that in the air they do not 
■nish or oxidise ; the oxides of the first fise are reduced 
no the metallic state by heat alone, on which account they 
lave received the name of '}ioble metals. They do not 
"decompose water under any circumstances, and possess a 
more powerful affinity for S and CI than for 0. 



MERCURY. 

[iSymioi, Hg (HjdrargjTuni) i Atomic Proportion, 200; S.g. 13-G.] 

OccDRRENCE. — This metal is found in only few locahties. 

Bt occurs native, but mostly as red sulphide, called cinna- 

' (HgS); occaBtonally in union with the non-raeta[ 

lelenium (Se), and very rarely as native chloride (HgCl), 

i chief mines of Hg are at Almaden in Spain and 

[Jdria in Transylvania ; it is alsu foimd in California, Peru, 

KChina, and Japan. 

HiBTonr. — It has been known from very remote ages; 
Ittie alchemists gave it the name mercury ( S ) ! ^Iso it is 
Jled quicksilver, or live silver ; its name hydrargyrum 
b derived from uSwp, water, ajid afyyvpos, silver. 
Pkepahation. — Generally from the native sulphide. 

1, By heating it in an iron retort with Fe or CaO, when 
e Hg volatilises and is condensed. 

2. By roasting cinnabar (HgS) on a grating over a fire ; 
0, escapes, and the fumes of Hg are condensed, either in 

feng tubes or chambers. 

PaoPEHTiES, — It is the only metal which is liquid at the 
Ordinary temperature ; it is silver-white, and slowly eva- 
porates even without being heated. The vapour of Hg 
1 large quantity is poisonous ; care must be taken not to 
lill the metai in dwelling-rooms or breathe its vapours 
luring experiments. It freezes at — 39°C., and is then , 
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malleable. It boils at 350** C. Its vapour is colourless. 
When pure, Hg runs in globules, and does not adhere to 
glass, porcelain, or paper ; but if it contains other metals, 
it leaves a tail or streak behind it. When pure, it does 
not tarnish in the air. 

Hydric chloride has*no action on Hg. 

Dihydric sulphate has no action when cold, but boiling 
hot it attacks Hg with formation of white insoluble mercury 
sulphate and SOg, which escapes (see (7. JV. p. 83). 

Hydric nitrate, even when cold, attacks Hg, forming a 
soluble nitrate. 

Vaea. — Mercury is used to extract gold and silver from 
their ores by forming an amalgam with them, which is 
soluble in an excess of Hg. It is used to fill barometer 
and thermometer tubes ; alloyed with tin, to cover the backs 
of looking-glasses; to make detonating powder, and the 
colour vermilion. Also Hg and its salts are employed as 
medicines. 

Mercury with Oxygen. 

Mercury forms two well-known compounds with 0, re- 
presenting two classes of salts, which the student must be 
careful not to confound together, the one containing uni- 
valent mercury (Hg^), the other divalent mercury (Hg''), 
namely — 

Black Mercurous oxide or Dimercury oxide . Hg'jO. 

Red Mercuric oxide or Mercury oxide . . Hg^^O. 

The black oxide (Hg'gO) is a powerful basylous radical, 
and may be formed by adding a solution of alkali to mercury 
chloride (Hg'Cr). 

The red oxide (Hg^'O'') is sold as a bright red crystalline 
powder, made by heating Hg, exposed to the air, to nearly 
its boiling point ; is slowly absorbed, a red powder (HgO) 
forming on the surface. At a little higher heat, it is de- 
composed into Hg and (see G. N, p. 50). It may also 
be formed by decomposing the corresponding nitrate 
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■S(irg"2NOj).HjO by heat. It is also precipitated aa a 
I yellow amorplioua solid by adding a solution of alkali to 
i of Hg", as the dichloride (Hg"Crj). It is slightly 
soluble in water. 



THE NITEATES OF MERCURY 
Abe numerous, the exact composition of the salt formed 
rdepending upon the strength of the solution of hydric 
jttitrate used to act upon the metal. It will be Bufficient 
t to state that when Hg is acted upon by cold (lilute 
blution of HNO3 a nitrate is formed containing Hg' ; and 
■ben a strong solution of HNO3 and Keai are employed, 
1 nitrate results containing Hg". 

NORMAL MERCUROUS on MERCURY NITRATE. 

[2(Hg'(N0,)').H,0.] 

This salt crystallises out in colourless soluble crystals, 

IvbeQ Hg is acted upon by dilute coM HNO3. It decom- 

wes when largely diluted with water into an osyealt. 

MERCURIC NITRATE ok MERCURY DINITRATE. 
[2(Hg"2(N03)').H^O.] 
This nitrate may be formed by dissolving the red oxide 
!?Hg"0") in HNOg, or by boiling Hg with strong solution 
r«f HNOj. The normal salt is difficult to crystallise; if 
" ^ diluted, a basic insoluble salt is thrown down, from 
jfhich all the nitrate may be washed by boiling water, 
p.ving Hg"0. 

jVIercurt with ScLPnuH. 
Thebe are two sulphides of Hg, corresponding to the 
^two oxides, namely — 

Dimercuiy eulpliide .... IIg',,S". 
Mercury sulphide .... Hg"S". 

I The former is precipitated, when H^S is added to a solu- 
a containing Hg'. 
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MERCURIC OB MERCURY SULPHIDE. 
[Hg"S'^ = 232.] 

This body occurs native as red cinnabar; it is also 
made artificially as the beautiful red paint vermilion, but 
when precipitated by HgS from a solution containing Hg^', 
it always appears as a black body. There does not seem 
to be any chemical diflference between the black and red 
variety. 

The H salts have little action on Hg^'S'^ nor have the 
alkalies ; it is easily decomposed, however, if heated in the 
air, its S burning off. The extraction of Hg by roasting 
cinnabar depends upon this fact. 

Mercury with Chlorine. 

The most important salts of Hg are its two chlorides, 

namely — 

Mercurous or Mercury chloride — Calomel . Hg'Cl^ 
Mercuric chloride or Mercury dichloride — \ vi^/n\/ 
Corrosive sublimate .... J ^^ ^ 

The Hg^CF is insoluble in water, and extensively used 
in medicine. It is poisonous. 

The Hg^TFj is soluble in water, and is a most virulent 
poison. It is also a valuable antiseptic. 

MERCUROUS OB MERCURY CHLORIDE.— Calomel. 

[Hg'Cl' « 235-5.] 

Preparation. — This salt is easily prepared as follows : — 

1. THturate (from tritura, a threshing or grinding), an 
atomic proportion by weight of Hg with an atomic propor- 
tion of HgClg, and sublime the mixture ; thus : — 

Hg + HgCl, = 2HgCl. 

2. Triturate mercury sulphate (HgSOJ with Hg, when 
Hg2S04 is formed ; thus : — 

HgSO^ + Hg = Hg^SO^. 
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Then triturate Hg5S04 with 2KaCl and sublime the mix- 
ture, when 2HgCl is formed ; thus : — 

HggSO^ + 2NaCl = Nft^SOj + 2HgCl 
The sublimate obtained by either process must be care- 
fully and repeatedly washed with water to dissolve out 
any traces of dichloride (HgClj) with which it may be 
lixed. 

This chloride may also be formed by adding a solution 
■of NaCl to the nitrate 2(HgN03).HjO, or by passing SOj 
through a solution of the dichloride : — 

2HgC!j + 2H,0 + SO, = 3HgCl + 2HC1 + n,SO^. 

Properties. — A yellowish-white, amorphous, heavy, vo- 
latile, insoluble, and tasteless powder. It may be crystal- , 
liaed, forming clear and transparent crystals. 

It ia changed to black oxide by the alkalies or by 
lime-water, forming black wash, from which circumstance 
it is said to be called calomel (from koXos, beautiful, and 
fUkaf, black). 

/( is tu-med black by ammonia (see p. 158). 

Either solution of CI, boiling with HCl, with NaCl, or 
with H^N.Cl converts it into HgCl, which is soluble, 

Dihjdric sulphate has no action on calomel, but hydric 
nitrate changes it into a mixture of HgClj and nitrate, 
which are soluble in water. 



[Hg"Cr, = 271.] 

Peepabation. — This salt is easily obtained as follows :- 

1. By dissolving the red oxide HgO in 2HCI. 

2. By triturating HgSO^ with 2NaCI and subliming the I 
mixture; disodium sulphate (Na,SO,) remaining in the 
retort : — 

HgSO^ + 2NaCl = HgCla + Na^SO, 
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Properties. — A solid, colourless, massive, or in snow- 
white crystalline needles ; volatile, soluble in 16 parts of 
cold water, burning and disagreeable to the taste; very- 
poisonous. Is used to preserve skins, &c. from decay. 

Potash and soda precipitate from solution of HgClg 
yellow oxide (HgO). 

Ammonia precipitates a white body of curious com- 
position, the so-called white precipitate (Hg.H2N.Cl), the 
body HjN {amidogen) appearing as a compound radical 
taking the place of CI. 

llf^V\\ -f 2H3N = H^N.Cl -f H^'.(HaN)^Cl'. 

A similar action takes place when ammonia is added to 
Hg^Cl (calomel) a black precipitate being formed. 

2iig'cr -f 2HsN = H4N.C1 -f ng'^.Qi^^ycv 

With white of egg HgClg forms an insoluble compound. 
Eggs are therefore given as an antidote in case of poison- 
ing with this salt. 

MERCURIC OB MERCURY SULPHATE. 

[HgSO^ = 206.] 

This salt is formed whenever H2SO4 is boiled with 
Hg, the gas SOg being given oflf. (See G. K p. 83.) 
The sulphate deposits as a whitish insoluble powder. 
This salt is decomposed by water, a yellow basic salt 
being formed ; but is soluble in a solution of NaCl. It is 
used in the preparation of the mercury chlorides. 

TESTS FOR MERCURY SALTS. 

All the compounds of mercury are volatile. By heat- 
ing them in a narrow glass tube with sodium carbonate, 
globules of metallic mercury are obtained. 

They are all reduced when heated with etannous 
chloride, metallic Hg being formed. 



TESTS FOR MERCURY. — SILVER. 159 

A strip of metalKc copper becomes covered with a grey 
coating of Hg if dipped in a solution containing that 
metal. 

Place a drop of solution containing Hg on a piece of 
gold, and touch the gold and solution with a piece of zinc 
or point of a knife : a spot of Hg is formed on the gold. 

Salts containing Hg'. 

Potashy aoday or lime gives a hlack precipitate of oxide 
(HgT^O). 

HgS or hyd/ro-ammonium sulphide gives a bUick pre- 
cipitate of sulphide Hg'jS^''. 

HCl gives a white precipitate of calomel (Hg'Cl) which 
is turned hlack by ammonia. 

Salts containing Hg'^ 

Potashy soda^ or lime, gives a bright yellow precipitate 
HgO. 

HjS gives, if gradually added, first a white precipitate 
passing through yellow and red into black. Hydro- 
ammonium sulphide also gives a black precipitate, which 
is not dissolved by HNO3. 

HCl gives no precipitate. 

Potassium iodide gives a brilliant scarlet precipitate, 
which is soluble in either an excess of potassium iodide or 
of HgCV 



SILVER. 

[^SymMy Ag (Argentum); Atomic Proportiany 108; S,g. 10*6.] 

OccuRRENGE. — Silver is widely distributed, being present 
in small quantities in many metallic ores, especially those 
of lead (galena) and copper (pyrites). It is frequently 
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found native, but usually as sulphide, never as oxide, and 
only occasionally as chloride {horn silver). 

The mines of Mexico and Peru are the most celebrated 
sources of Ag. In Europe it is especially obtained from 
Saxony, Hungary, and Bohemia ; there are also mines in 
Asia, and it is obtained from many lead and copper smelt- 
ing works. (See p. 123.) 

History. — Has been used as an ornament and for money 
from the earliest times. On account of its rarity and 
beauty, called Luna ( D ) by the ancients. 

Preparation. — The ores of silver commonly contain but 
a small percentage of that metal ; the processes by which 
it is extracted, therefore, at first seem long and tedious, 
compared to the amount of metal obtained; the great 
value of the metal, however, compensates for the enormous 
labour and expense incurred. 

1. The metal, when native, may sometimes be picked in 
lumps from the ore ; when distributed in smaller quantities, 
the crushed ore is agitated in barrels with mercury. The 
Hg and Agform a liquid amalgam (see p. 154), from which 
the excess of mercury is strained, a solid amalgam being 
left. This is distilled, the Hg passes oflf, and Ag is left^ 

2. The metal, when found as sulphide, is generally 
mixed with sulphides of Cu, Fe, Pb, and other metals. For 
the extraction of Ag from galena (PbS), see p. 123. 

a. The sorted and powdered ore is mixed with NaCl, 
and gently roasted. SOg is given off, and AgCl (silver 
chloride), together with copper chloride and iron 
chloride, formed ; and also sodium, iron, and copper 
sulphates. 

6. The roasted ore is put into barrels with water and 
scraps of iron, and shaken for hours. The Fe extracts 
CI from Cu and Ag, which two metals become reduced 
to the metallic state. 



I c Hg is now poured into the barrels, and they are 
again agitated. An amalgam of silver, copper, and 
mercury in unknown proportiona is thus obtained, 
which ia liquid, because an excess of Hg is always 
added. This amalgam is separated &om the ore and 
water. 

d. The liquid amalgam is strained through cloths, to 
separate the excess of Hg from the solid amalgam dia- 
Bolved in it. The solid amalgam which was dissolved 
in the Hg is distilled, when Hg goes off, leaving a 
mixture of silver and copper behind, 
I. The Cti is separated from the Ag by a process called 
liquation {from liquo, I melt), which is the art ot 
melting a fusible allay from a more infusible sub- 
stance. To this end, a quantity of Pb is added, and 
the whole carefully heated, when a fusible alloy of 
Ag and Pb runs away, the Cu being left behind. The 
Pb is now separated from the Ag, as on p. 123. 
In Mexico, where fuel is comparatively scarce, the 
Lmixing of the silver ore and the NaCl is accomplished by 
the trampling of horses. The process of roasting is done 
away with, a small quantity of ready roasted copper ore 
being added instead. The whole operation takes a longer 
time than the process given above ; and ranch Hg is lost 
I in the form of HgCt ; otherwise the two processes are 
1 Tcry similar. 

Properties. — The whitest and most lustrous of the 
■ metals ; the best conductor of heat and electricity ; it ia 
?i«^ malleable and ductile. Melts more easily than 
, and, when melted, can absorb a large quantity of 
IS, which it gives off again while cooling, often suddenly, 
lie liquid being spattered about. 

Silver nwney is an alloy of 7'5 % of copper and 92-5 % 
of silver. Plated silver is made by heating and rolling 
together plates of Cu and Ag, EUdro-plate (silver) U 
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made by depositing Ag, by the aid of a galvanic current™ 
on plates of perfectly clean metal, generally on Germaa 
silver- 
Silver is easily attacked by hydric nitrate, a soluble 
silver nitrate (AgNO,) being formed. It is also acted on 
by boiling dihydric sulpliate, a soluble Ag^SO^ being 
formed ; it is not attacked by HCl. 

Silver is not oxidised by exposure to tbe air ; but, from 
its great affinity for S, it tarnishes, by formation of black 
sulphide, formed by traces of HjS contained in the air. 
The purer the silver, the more easily it tarnishes, and 
the reason why electro-plate silver tarnishes easier than 
standard silver, is because the silver deposited by the 
battery is pure Ag, 

Silver with Ostoen. 
Silver forms three compounds with 0, only one of which 
is of importance, namely : — 

Argentic or Silver oxide , . . Ag'JS" 
This oxide may be precipitated as a brown powder by 
adding solution of potaab to any soluble salt of silver. 

This oxide is freely soluble in solution of ammcmia, 
with fonnation of a most dangerous compound, a ful- 
minating silver. Care must be taken when working vrith 
solutions of silver and ammonia, or an explosive compound 
may be formed unintentionally. 

True fulminating or detonating powders are made by 
adding alcohol to solutions of nitrate of silver or mercury. 
Tbey contain a peculiar radical (C^N^O), as AgjCjNjO^ (the 
fulminate of silver). They are very dangerous to make. 

ARQEN'nC OB SILVER NITRATE. ^^ 

[Ag-NO, = 170.] ^M 

This salt, melted and cast into moulds, forms the lunar 
cauBtic or lapis infenialie of the surgeon. 

Tbe Bait is easily formed by dissolving Ag in moderatel; 
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strong Bolntion of HNO3. If silver coin is dissolved, the 
solution ia green, from the presence of copper nitrate. 

To separate the Cu, the solution is evaporated to dryness 
and gently fused, when the copper nitrate decomposes to 
black CuO : the silver nitrate when cold can be dissolved 
in water. 

The salt crystallises from solution in water in clear, 
square, anhydrous crystals, easily soluble in water. Or- 
rjanie matter, as dust, &e., quickly decomposes this solution 
ivken exposed to sunlight. It stains the skin black, and 
ie used for marking linen. These black stains can be 
removed by solution of potassium cyanide, which dissolves 
them. 

The bath of the photographer ia a solution of this salt 
in distilled water. 

AEGENTIC OS SILVER SULPHATE. 
[Ag,SO..] 
Mat be formed by boiling Ag in H^SO^, when SO, is 
given off. The salt is not very soluble in water. 

Silver with Sulphub. 
There ia only one compound of Ag with S, namely : — 

ARGENTIC OR SILVER SULPHIDE, 

[Ag,S = 248.] 

It is the principal ore of Ag. Silver has a powerful at- 
traction for S, and easily becomes tarnished in the air or 
in a room where coal-gaa is burning, on account of the 
traces of S present. 

It ia ea«ly precipitated as a black solid by passing HjS 
through a solution of silver nitrate. 

The Ag'jS" easily fuses in closed vessels ; and when 
roasted in the air is reduced to metallic Ag and SOj, which 
escapes. It ia decomposed by strong hot solutions of the 
H salts. 

_l Ji ^ 
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SiLTER WITH Chlorine. 

Thkbe IB only one well-known compound of Ag with CI, 

namely ; — ^ 

ARGENTIC OK SILVER CHLORIDE. ^| 

[Ag-Cr = 143-6.] ^M 

When freshly precipitated, it appeare in the form of a 
white solid, insoluble in water, looking very like curds 
from milk, it fuses and forms a solid horn-like body, 
which when found native is called horn eilvet: The 
freshly precipitated white chloride rapidly changes to 
violet and black by exposure to light 

It is produced by adding HCI or NaCl to a solution of 
Ag ; and as it is quite insoluble in water, is used in 
analysis to precipitate silver from its solutions. 

It w insoluble in dilute HNO,, but w( dissolved by solur 
tion of ammonia (see G. N. p. 57). It is also soluble in 
sodium hyposulphite (Na,H,S,0« or Naj.SjOj.HjO); but 
after, it has been blackened by light, it is not soluble in 
hyposulphite. Upon this fact depends the use of liypo- 
aulphite by the photographer. It is also soluble in potas- 
sium cyanide. It is easily decomposed by nascent H, for 
if a piece of Zn and a little dilute H^SO, be added to 
AgCl, the salt is reduced to black metallic Ag with forma- 
tion of HCI. It may also be decomposed by fusion with 
NajCOj or boiling with KHO and grape sugar. 

lOniDE AND BROMIDE OP SILVER. 
[Agl and AgBt.] 
Mat be obtained by means analogous to those em- 
ployed m the formation of AgCl. They are both yellowish' 
white, and turn black when exposed to the light, and are 
much used in photography. They are both soluble io 
sodium hyposulphite, hut not after they have been ehan^ 
by light. They are both soluble in ammonia, bid wt 
Jiearly so readily as the chloride. 



TESTS FOB SILVER. 



VOLUMETRIC ANALYSIS OF SILVER. ; 
The term voluTtietrw analysis means ' analysis by mea- 
re,' in contradistinction to ' anal jsia by weight ; ' thus, 
AgCl is for all practical purposes absolutely insoluble 
water, therefore the smallest portion of silver is preci- 
litated from solution by NaCl (see p. 1 64). The atomic 
roportion of NaCl is 23-f35'5 = 58'5, the atomic pro- 
lortioQ of Ag is 108: therefore 58*5 grains of NaCl will 
precipitate 108 grains of Ag from a solution of silver 
ikitrate. The 108 grains of Ag will of course be in com- 
bination with 35'5 grains of CI as AgCl, according to the 
following formula : — 

NaCl + AgNO, = NftNO, + AgCl. 
If a solution of NaCl be made, containing a known 
|nanti^ of NaCl (standard solution), we can estimate 
le quantity of silver in a solution by simply seeing how 
luch of our standard solution ia required to precipitate 
without the trouble of collecting, washing, drying, 
lUming and weighing the precipitated chloride. This 
lethod of analysis ia very commonly employed in labora- 
iries and manufactories where a large number of analyses 
' one kind has to be made. The instrument used to drop 
le standard solutions from is called a burette. It ia a 
ide and long glass tube, drawn to a point at one end, and 
'ery carefully measured into a hundred equal parts, each 
ivision containing a known quantity of fluid. 

TESTS FOR SILVER SALTS, 

Eefobe the blowpipe, mixed with a little Na,CO, on 
iarooal, they are all reduced to the metallic state. 

The hydrates of K and Na precipitate brown bydrated 
ride inaoiuble in excess. 

Ammonia precipitates a brown powder easily aobihle in 
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The soluble carbonates precipitate white sUyer cai^ 
booate, soluble in ammonium carbonate. 

H,S and hydro-ammonium. atUpkide precipitate black 
sulphide of silver, insoluble in alkalies, or dilute solution 
of H salts. 

Hydric or any soluble chloride precipitates white 
chloride of silver, insoluble in HNOj, but soluble to ai 
monia, sodium hyposulphite, and potassium cyanide. 

The three insoluble chlorides, namely — 



Lead chloride . . . PbCL 
Mertury chloride , . HgCl 
Silver unloride . . Ag-Cl 



are all white and insoluble both in water and dilute KsaltA' 
They may, however, be distinguished from one another 
by solution of ammonia, which has no action on lead 
chloride (see p. 128) ; turns mercury chloride black {see 
p. 159), and dissolves silver chloride. 

Potassium, iodide and bromide produce yellowish pre- 
cipitates in solutions of silver salts, with difficulty soluble 
in ammonia. 

Potassium cyanide precipitates white cyanide of silver, 
easily soluble in excess of potassium cyanide. 



1 
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GOLD. 

ISt/mbol, Au (Aurum) ; Atomic Proportion, 197 ; S.g. 19-3,] 
OccDRHENCB. — This metal, in small quantity, is vt 
widely distributed through the mineral world ; it ocoiOT 
almost wholly native. Large quantities of gold have of 
late years been brought from California and Australia. 
Gold is moreover found and frequently worked in many 
other countries. 

H18TOKY. — Gold has been known from the earliest timea, 
and on account of its rarity and beauty always highly 
prized as an ornament. 
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V Pbbpabation. — By waskinij the Band and mud of many 
■xivers, which contain fine particles of gold. On account 
Met its great weight the gold remains at the hottom of the 
Vreesel in which it is washed, while the mud, sand, Sex:., is 
BBamed away by the water. ( 

■ By amalgamation. The ore is crushed and shaken 
Hrith Hg, similarly as by the working of Ag. 

H Phopeeties. — A very luatroug metal of a rich yellow 

Heolour, known as golden. Not very hard, the most mal- 

Keable of the metals, and very ductile (see pp. 3, 4). More 

Hdifficuit to melt than cupper. 

H Gold coin is an alloy of Cu and Au ; the former is added 

Hto give it hardness. 

H Gold is not acted on by the H salts nor by the fused 

Biydrated alkalies, but is dissolved by a mixture of HCl 

Hud HNOa, called ' Aqua Eegia,' because gold has always 

H^een considered the king of metals. 

I Gold with Oxtgen. 

B These are two oxides of gold, Au'^O and Au'"jOs. 

I Gold with SuLPHrR. 

I A BLACK sulphide of gold Au^S, or AujS.AUjSj is pre- 
K dpitated when HjS is added to a solution of gold ; it is 
laoluble in sulphides of the alkali metals. 

I Gold with Ghlobine. 

K Gold forms two chlorides, the one AuCl and the other 

I AuCl,. 

I AURIC OR GOLD TEnCHLORIDE. 

■ [AuClj = S03'5.] 

H When gold ia dissolved in a mixture of three parts of 
^Barong solution of HCl and one part of strong solution of 
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ffNOs, a yellow solution of terchloride is obtained. Thttf 
when carefully evaporated to dryness, appears aa a deli- 
quescent mass of reddish crystals. Tbe crystals are boIu- 
b!e in wat«r, but unless the chloride contains freeHCl it is 
most easily reduced to naetallic gold or to an insoluble 
Au'Cl'. 

A solution of terchloride ia tbe one always used to test 
the presence of gold. It is very eafiily decomposed by 
iron sulphate, antimony terchloride, mercurous nitrate, 
hydric oxalate, the skin, paper, &c. 

Gold put-pie or purple of Caesius ia used to impart to 
Bohemian glasa that rich ruby colour so much admired. 
It is formed whenever dilute aolutiona of AuClj and 
SnClj are mixed together. 

Gold cyanide, may be precipitated by adding solution 
of KCy to dilute solution of gold chloride. It ia solul ' 
in excess of KCy. 



TESTS FOR GOLD SALTS. 
The solution of gold to be tested should be free from 
hydric nitrate ; then : — 

Iron sulphate precipitates brown metallic gold ; 
Tin chloride precipitates purple of Oasaiua ; 
Mercurous nitrate precipitates brown metallic gold. 
All the salts of gold are decomposed when heated in 
the air. 



lI^h 



PLATINUM. ■ 

l&jmbol, Pt i Alomtc Proportion, 198 ; S.ff. 21 'B.] ^| 

OccuKitESCK. — Only in few places. Native, in flattened 
grains, commonly associated with palladium, rhodium, 
osmium, ruthenium, and iridium; some of the cryatalfl 
which these alloys form are extremely hard. They ooour 
in the Ural mountains, Meiico, St. DomingOj &c. 



Histoht. — This metai was first brought into notice by a 
[r. Charles Wood, an assayer in Jamaica, about 1740. 

PBBPARATroN. — 1. The ore, which coataina about 20% of 

Dttpurity, ifl heated in ' aqua regia,' with formation of a red 

lolution of Pt (see p. 170). The red solution is mixed with 

mmonium chloride, when most of the Pt is precipitated 

B a yellow nearly insoluble salt of 2(H^NCl).PtCI,. This 

fellow precipitate is decomposed by heat, leaving metallic 

*t as a spongy maaa behind. It is then pressed into a 

Biould, heated white hot, and welded into a uniform solid 

iss ; or it is melted in the oxyhydrogen gas flame. 

2. The platinum ore is roasted in a reverb eratory furnace 

1 galena (PbS), and afterwards melted with an addi- 

^onal quantity of litharge (PbO). A fusible alloy of lead 

Bd platinum is thus obtained, from which the lead may 

e removed by oxidation, 

Properties. — A grey-white metal, as hard as copper ; 
lalleable and very ductile. It cannot be melted in any 
rdinary furnace, ia not dissolved by the H salts, but is 

tacked by the caustic alkalies; it does not tarnish in the 

■, and expands less when heated than any other metal. 

It is chiefly used in making crucibles and dishes for use 
a the laboratory. 

Spongy platinum possesses the peculiar property of 

rasing a mixture of H and gases to unite chemically 

Bid form HjO. Perfectly clean plates of platinum also 

ffiave the power, under certain circumstances, to cause a 

now combustion of coa! gas. 

I Platinum black is Pt in a very fine state of division. 
BJfl formed when a solution of Pt is heated with sugar and 

iijCOj. This powder absorbs many times its volume of 
^ gas, and, if ether be dropped upon it, the ether is 
jtidised in a peculiar manner. It is supposed that Pt, 
tea. when in sheets, has the power to condense gases on 
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its surface, and thus brings about chemical union, witi 
itaelf being in any way acted upon. 



:lt^^ 



PLATINUM SALTS. 
Platinum forms two oxides, Pt"0" and Pt''0"j; two 
ButpbiHea corresponding to the oxides, namely, PtS and 
PtSj ; the latter may be precipitated by HjS from Pt solu- 
tions, and is slightly soluble in alkaline sulphides ; also 
two chlorides analogous to the two oxides and sulphides, 
the PtClj and PtCl^. There ia an immense number of 
complicated salts of Pt with ammonia and also with 
cyanogen. 
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PLATINIC CHLORIDE oa PLATINUM TETRACHLOR 

[PtCl, = 340.] 

This salt is formed by boiling Pt in ' aqua regia,' 
and evaporating the solution to dryness at 100° C. It ia 
deliquescent and soluble in alcohol and ether. With 
other chlorides PtCl, forms a number of double salts, 
some of which are nearly insoluble in water. Of these 
the most important are the double chloride of platinv/m 
and ■potassium (2KCl.PtCl^) and the double chloiide of 
platinum and ammonium (2(H,NCl).PtCl^) ; they are 
both yellow and quite insoluble in a mixture of alcohol 
and ether. The former is used as a means of precipitaticg 
K from its solutions (see p. 53), and the latter ammonium 
(see p. 70). 

TESTS FOE platinum: SALTS. 

The tetrachloride is the only solution of common 
occurrence ; it« salts are all decomposed by heat, leaving 
metallic Pt. 

Dilute solution of KHO and dilute solution of ammonia 
precipitate yellow insoluble double salts. 

Hydrate of sodium precipitates a browa oxide. 



PALLADIUM. 171 



PALLADIUM. 

[Symbol, Pd j Atomic Proportion, 53'2 ; 8,g, 6*8.] 

Small quantities of this metal are found in the platinum 
ores. It is remarkable for its power to absorb H gas 
and to unite with C. When first discovered it caused a 
great controversy, for it was asserted to be a compound 
and not an element. It is a silver-white metal, attacked 
by HNO3, and forms an iodide nearly insoluble in water. 
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EXAMZNATION QUESTIONS 



From Cambridge, Lotidon Vnivereity, and Woolwich 
Papers. 

1. How, and by whom, waa potasaium discovered 7 Describe 
its chief properties, and tliose of any two of its compoimda. 

2. When are two elements said to be iaomorphoua 1 

3. What is a baayle 7 Give inatances of simple and compound 
basylea. 

4. What is the composition of ferridcyanogen ; and how does 
it differ from yellow prusaiate of potash 7 

5. What is the formula for pruaaian blue? How ia it manu- 
fiuitured 7 

6. What chemical changes take place in the explosion of gun- 
powder 7 

What is the property of the alloy of antimony and lead 
that renders it so valuable for tyj* metal ? 

8. Deacribe the processes and decompositions in the manufac- 
ture of sodium carbonate from common salt. 

9. Give the distinguishing tests for lead, mercury, and silver. 

10. How does chlorine act upon a hot solution of caustic 
potash 7 

11. What IB the effect of heat upon potaaaium chlorate, if the 
temperature be gradually raised ? 

12. Repreaent, in symbola, the effect of the salts, hydric 
dilorida, hydric nitrate, and dihydric sulphate, upon copper and 
copper oxide, respectively ; first when cold, secondly when 
Iteated. 

13. An orange-yeOow, or yellow precipitate, is produced by 
transmitting dihydric sulphide through a solution containing icee 

! hydrogen salt. What metals may it contain 7 

14. How is aluminium extracted from clay 7 Deacribe the 
chief physical and chemical properties of the metal. 

15. How is antimony obtained from the native snlphide 7 
Give the formute for the chlorides, oxides and sulphides 

IQtimony. 
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IG. What IB the crystalline form of alum? Express the o 
position of the group of alums. Name the metallic oxides which, 
in combination wilh diLydric aulphate and potash, will form ao 
alum. 

17. What is meant by the term compound radical 7 v 

18. Bepreaeut, in eymbola, the chaogee which occur when mH 
ammoniac is heated with chalk. 3 

19. Describe a method by meapa of which iron seaquioxide, 
black copper oxide, and silver oxide, reapectively, may be reduced 
to the metallic state. 

20. How do cast iron, ateel,and wrought iron diSer from each 
other in coropoaition ? 

21. How ia lead acted upon by aofb water and hard water, 
respectively 7 

22. State how chloride of silver may be reduced to the metallic 

23. Under what condition ia arseuiuretted hydrogen formed? 
Describe its leading chemical properties. 

24. How ia mercury obtained from vermilion ? 

25. How would you detect the presence of potash, soda, or 
ammonia in a solution 7 

26. Describe, by equations, the action of hydric chloride upon 
antimony sulphide. 

27. How do you diatinguiah the salts of barium from those of 
calcium 7 

28. What compounds does mercuiy form with oxygen and 
with chlorine ? 

29. How are the chlorides of mercury made? Specify tl 
principal characters. 

30. Describe the oxides and sulphides of ai 

31. How is metallic platinum prepared from its o 

32. Describe the process of the artificial formation of nitre. 

33. How may chloride or nitrate of barium be obtained fron 
the sulphate 7 

34. Deacribe the preparation of the chlorides of iron. 

35. What alloys does copper form with zinc and with tin 7 

36. A black precipitate Las been formed by dihydrio solpl ' 
in a aolutiou containing jree hydrogen salt. What metals i 
the precipitate contain ? 

37. Describe the preparation of potassium iodide. 
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38. What are the principal ores of zinc 7 Describe the mode 
of reducing them to the metallic state. 

39. Wliat is the effect of heating the common phosphate of 
■oda to redneaa ? 

40. Given a substance which ooatained any of the following 
iz. iron, zinc, aluminium, calcium, and magnesium. 

How would you proceed to determine which it contained ? 

41. Given a solution containing lime, magnesia, and alumina. 
How would you demonstrate the presence of these eubstances ? 

42. Given some iron Bulphate, lead rdfjate, and calcium 
chloride. By what teat could you detect the basyloua and non- 
kaaylouB radical in these salts ? 

mixture of potassium and calcium chloride being given 
fcr analysis ; demonetrate the presence of the several ingredients, 
and the absence of other salts. 

44. A solution contains a mixture of zinc, iron, and magnesium 
Bulphatea. By what test could you show the presence of each 
ingredient 7 

45. By what test may magnesia, lime, and baryta be distin- 
guished &om one another ? 

46. What is the action of dilute dihydric sulphate on iron 
tolpbide 7 

47. Express, in an eqiiation, or a diagram, the resulta obtained 
on heating copper turnings with concentrated dihydric snlphale, 
Name the products, and describe the properties of the gas ob- 

If charcoal were substituted for copper, the same gas 
irould be produced, in admixture with another. Give the name, 
mposition, principal properties, and most important sources of 
he lecond gas. 

. Some chloride of silver (AgCl) is reduced to the state of 

wo hundred grains of silver are obtained, which are after- 

-da converted into nitrate of silver (AgNOj). State what 

intity of the salt is produced, and how much chloride of 

er was originally employed; and give an outline of the methods 

y which the metallic silver and the nitrate were obtained. 

49. An alloy of copper, zinc, and silver being given for analysis, 
rhat solvent would you use to dissolve it, and why 7 Express 
lie reactions by equations. 

50. State the chemical action of hydric chloride on iron, met 
Tiron, silver nitxate, and ammonium carbonate. 
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51. DiatiDgiiish ammonium nitrate and eal ammoniac froiH^ 
corresponding compounds of potssuium. 

52. State tbe action of dihydricsulphidaoncorrosiive Bublimste, 
chlorine, and white arsenic, respectively. 

53. If a mixture were given you, which might contain lead, 
silver, copper, and tin, but no other metals ; how would you pro- 
ceed to analyse it qualitatively ? 

54. How may caustic potash be distinguished from caustic 



a the action of potaBsjum upon water. Wliat are the 
iron rust? What reaction takes place when the 
vapour of water is conducted over red-hot iron ? 

2. Binoside of manganese (MnOj) parts with one-third of its 
oxygen at a red heat. What quantity of the binoside must be 
employed to furnish 250 cubic inches of oxygen, and what is the 
name and composition of the residual substance ? 

3. A piece of iron is allowed to remain in a solution of 100 
grains of sulphate of copper (CuSOj), until the whole of the cop- 
per is precipitated. To the solution of sulphate of iron (FeSO,) 
produced, sufficient caustic potash (KHO) is added to precipitate 
the oxide of iron (FeO). The latwr is separated from the solu- 
tion of sulphate of potasea (KjSO^), and subsequently converted 
into sesqujoxide of iron (PejOj), by digestion with HNO3 and 

It is required to know the quantities of metallic copper, of sul- 
phate of iron, of sulphate of potassium, and of sesquioxide of iron, 
produced in the above experiment. 

i. When nulpkate of lead (PbSOJ is fiised with an intimate 
mixture of sodium carbonate (NaCOj) and charcoal (C), metallic 
lead is obtained. Kxplain by symbols in an equation or a diagram 
the precise nature of the changes which take place in this reaction. 

5. Explain and demonstrate by means of symbols the difierenoe 
between the action of hi/dric nitrate as a solvent, upon cuprous 
oxide, capric oxide, and upon metallic copper. 

6, Under what circumstances is water decomposed by the 
metals potassium, sodium, and iron ; and what are the pheii 
and results attending the decomposition in each case ~ 
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. What dmngeH occur when a current of air is passed over 
talena (sulpliide of lead) heated to redness, and what steps must 
e afterwards taken with the alterud minei-al to obtain metallic 



. 8. Small qnantjties . of the following siihstancea : vermilion 
■siilphide of mercury), orpinient (sulphide of arsenic), and svl- 
ihide of copper, are placed respectively, in moderately wide glass 
j8 and espoaed to heat for a short time. Deaori!>e and 
the results obtained in each exi«riment. 
grains of aitrate of copper [Cu(NOa)j], are dissolved 
er, and the solution is divided equally ; to one-half a slight 
9 of solution of potassa (KHO) is added, the other half is 
(Vaporated to dryness, and the resulting residue ia strongly heated. 
"^ i the weights of the anhydrous and hydrakd oxide of 

Bopper obtained ? 

10. Ten grains of bismuth are precipitated from their solution 
It hydric citrate by means of dihydric sulphide (HjS) ; the sub- 

;e obtained contains the bismuth united as Bi^Sj. How many 
18 of Bidphur should this precipitate contain, and how many 
c inches of gas are required for its production ? 

11. Analloy of silver and copper is dissolved in hydric nitrate; 
a lie liquid is added hydric chloride until no further precipitate 
ia formed. The chloride of alver thus produced, ia filtered off 

d ptirifietl by washing. Metallic silver may be obtained from 
t, either by fusion with sodium carbonate, or by placing it in 
mtact, while moist, with tragmenta of metallic iron or zinc. 

e solution separated from the silver precipitate is made to 
mish oxide of copper by being heated and mixed with a slight 
a of solution of KHO. The oxide ia divided into two parts; 
ne is reduced to the state of metal by being heated in a cur- 
of hydrogen, the other by fiiainn with potassium cyanide. 
Explain, in symbols, the precise nature of the most important 
e above experiment. 

12. Represent in symbols, by equations or diagrams ; — 
(1.) The decomposition of water by potassium. 

(2.) The production of hydrogen from zinc and dihydric sul- 
phate (H^SO^). 
3.) The action of hydric chloride upon iron. 

I and atomic proportions of each product, and 
mtion to what class of bodies each belongs. 
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SymhoU and Equivalents required : Za 65, K (potassittm) 89, 
Fe (iron) 66, CI 355, O 16, S 32. 

13. It is required to prepare, for an exhibition of the lime 
light, two cubic feet of hydrogen. What quantities of dihydric 
sulphate and zinc will be required for this purpose? What 
quantity of potassium chlorate (KCIO3) is required by theory, to 
furnish sufficient oxygen for employment with the above amount 
of hydrogen ? 

The equivalents required are given above. 

100 cubic inches of oxygen weigh 84*2 grains'! at 60^ Fahrenhmt 
100 „ „ „ hydrogen ,, 2' 14 ,, J 30 inches barometer. 

14. I wish to prepare 100 grains of finely divided copper, and 
have provided myself with a sufficient quantity of blue vitriol 
(sulphate of copper, CuS04.H204-4P20). How must I pro- 
ceed to obtain it from that salt? What becomes of the other 
constituents of the latter ; and what quantity of the salt will 
furnish me with the above amount of copper ? 

15. Interpret the changes represented by the following equa- 
tions:— 

SbjSa + 6HC1 - SbaCle + 3H,S. 
Cua + 8(H.N03) = 3Cu(N03), + 4H,0 + 2N0a. 

]6.^Draw a comparison between the properties of the com* 
poimds formed by burning phosphorus, carbon, zinc, sodium, 
and calcium in oxygen, giving the names and composition of each 
product. 

17. Some galena (sulphide of lead), PbS, Equiv. 239, is heated 
moderately in a current of air for some time. The product of 
this treatment is afterwards mixed with powdered coal, and the 
mixture is exposed to a red heat in a crucible. GivB a detailed 
account of the various results obtained in these experiments, and 
state wliat quantity of the most important product should be 
obtained, theoretically, from 1,200 grains of galena. 

18. A quantity of copper-filings is divided into three parts. 
One part is mix€Kl with flowers of sulphur ; a second with some 
tin-filings, and the third with powdered glass. Describe the 
result of the action of heat upon each mixture. 

19. State the chemical names and composition of the following 
substances : black lead, vermilion, borax, sal ammoniac, laughing 
gas, blue vitriol, muriatic acid, mosaic gold, green vitriol, salt- 
petre, white vitriol. 
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Give a. brief account of tils characteriatic propertieR of the 
seveu iiietnle included in the composition of tlie ubove substances, 
and state also what non-inela!lic elements are known, ia addition 
(o the seven contained in tho?e substances. 

20. Describe and explain the methodtt of proceeding for ob- 
taining, Irnm the oxide of silver, the ojcide of copper and the 
sulphide of lead, their respective metals in the elementary form. 

21. I^tate the chemical natiu% of Clie following substances, and 
the chanp:cs effected in the common modes of pioducing them ; 
plaster ot' Paris, red lead, chloride of lime, glass, soap. 

22. The equivalent of lead is 207 ; that of oxygen 16 ; thatof 
carbon 12. State distinctly what these numbers represent, and 
how they have been arrived at. Give the equivalents of oxide 
of lead and carbonate of lead, and express their composition in 
igymbols. 

~ome iron filings are mixed with, flowers of aulphur, and 
applied to one portion ia a suitable vessel ; what will 
%e the result, and by what experiments can you demonstrate the 
fference in the condition of the iron in the two portions? 

24. Give a brief account of the coniposition and important pro- 
Jimties of the substances obtained by burning sulphur, aodinm, 
carbon, zinc, and phosphorus, in air or oxygen ; and state what 
quantity of each of those bodies would be required to ftmiiah 

le hundred grains of its product of composition. 

25. Describe and explain the method of preparing hydric chlo- 
ride. State the action of that salt upon lime, nitrateof silver, and 
i^umina respectively. If 1 lb. of zinc and 1 lb. of iron be dis- 
iolTed separately in hydric chloride, which will evolve the larger 
Juaati^ of hydrogen J Why so ? 

I. State the order of facility with which the metals copper, so- 
dinm, zinc, calciiun, platinum, iron, will decompose water; and 
^e the particular conditions under which its decomposition will 
; effected by each. 

27. 500 grains of zinc are dissolved in dihydric sulphate. The 
B which is evolved duiing the solution of the metal is passed 
lagh a heated tube, containing 5,000 grains of black oxide of 
Dpper. State the name, coniposition, and quantity, of the sub- 
produced by the action of the salt upon the zinc. What 
raa evolved? What are its characleristic properties 7 What 
when it is passed over the oxide of copper, and ta what 
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extent will the weight of the latter be affected by the experi- 
ment ? 

28. Cast iron, wrought iron, bronze, and steel, are used as mate« 
rials for cannon. Give a brief statement of the chemical nature 
of each of those materials. 

39. If air be passed over copper heated to redness, what are the 
results ? If steam be substituted for air in the experiments, what 
occurs ? If at the conclusion of either of the above experiments 
carbonic oxide gas is substituted for the air or steam, what results 
are obtained ? 

80. Given an alloy of silver and copper, what substances would 
you use to dissolve it, and what would be the chemical reaction 
in the process of solution? How could you demonstrate the 
presence of each metal in the solution ? 
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Tbb sdenra of chomistij' of the present generation hoe boen rcmnrkable 
Jbr the great progress it has made ; for the extent of its doTolupment ; and 
At the great ini^rease in its application to the practical arts. It is, thon- 
jbn, not onlj a must Interesting branch of knuwti-dge in an abstract etnae ; 
bat from its iatimaU connDction with the arta aod trade, it is indispenBuble 
to their perfeclion and progcBBs; and maQufaoturera cannot be considered 
8S having bepa slow Xa avail themsclTos of the assistance derirabla from it. 
The dyer, the poloiic miiker, the calico printer, the bleacher, the Cajldle 
manufacturer, thii soap hoiler, the glaaa malter, the electro-plater, Che 
r, the artificial manure manufacturer, and the farmer, among others, 
Jl improved, if not actually created, their arts through the aBeistance 
chemiatry has been able to render them. Neither have there been 
ig manj Ireutiaes on the science by its very able teachers, trom which 
^ Bound knowledge of it might be obtained. These treatises have continued 
appear with a profusion which is almost confuaing, and would be regrct- 
rere not for the cireumstaace thatit is a necessary consequence 
improvements in theory, and of increase offsets and principles developed 
Isbours of the many conscientious and indefatigable labourers in this 
tc fleld of discovery. 
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But of all forms of book the most convenient for reference on any subject 
is the dictionary ; and the Dictionary of Chemistry of the late Dr. Ube, 
which has been out of print between thirty and forty years, was no excep- 
tion to this truth. By its great merit it became the standard work of the 
time, the text-book of the student, and the guide of the manufacturer. Since 
then, however, chemistry has undergone great changes, and made enormous 
progress ; and the Use's Dictionaiy of our young days has been left far 
behind. It is with the object of producing a work worthy of the present 
state of scientific chemistry that Mr. Watts, assisted by able contributors, 
has formed and carried out the project of publishing his new dictionary, 
which he modestly states to be founded on that of the late Dr. Ube, and 
which is intended as a companion to the new edition of Ubb's Dictionary 
of Arts y Manufactures y and Mines f to which, therefore, reference is for the 
most part made for the details of manufacturing operations; but those 
branches of chemical manufactures which have come into existence or have 
received important developments since the publication of that work are 
described in the dictionary as fully as its limits will allow, and in all cases 
explanations are given of the principles on which mann&cturing processes 
are conducted, and the chemical changes which they involve. On comparing 
Ubb's original Dictionary and Watts's new edition, the points of resemblance 
are very few. It is true both are necessarily alphabetically arranged, and 
some few of the articles are copied vtrhatim et literatim ; but having made 
this acknowledgment, we may regard the two books in other respects as 
totally different. The one contains 840 pages, the other nearly 5,000 ; the 
one is characterised by the chemical philosophy of forty years ago, and 
which, though fully worthy of all respect, is now partially exploded ; the 
other is au courant with the most advanced philosophy of the present day. 

The number of elements and compounds, particularly of the latter^-com* 
paratively few then — has been increased by thousands, as organic chemistry 
has unfolded its riches to the persevering spirit of enquiry which has of 
late years displayed itself ; and the results are given in the new work in a 
clear, systematic, comprehensive, and perspicuous manner. Some of the 
articles are complete essays on the subjects of which they treat, and are 
written with a clearness and precision which it is always agreeable to find, 
though not always observable^in the writings of scientific men, who too 
often, indeed, express themselves with a clumsy ambiguity, and not seldom 
without a reasonable regard to the exigencies of grammar. 

The article on Classification may be mentioned as of much importance 
and value, particularly to the earnest student, embodying as it does the 
most recent views of the most distinguished chemists of the present day. 

The subject of Atomic Weights and Volumes, by Dr. Odlino, is also ad- 
mirably elucidated. It need hardly be said that it is one which is most 
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latalj connected with thoss diangea which chtmical Bcianco hoa recently 
Lud is, indeed, at preseat undergoing, and must, therofare, he 
jhl; tkcceptubla to the scientific chemiet. Di. Odliho has done oa mnch 
It any English chemist to jutroducs the new nutatLon and theories, and hiia 
'n niigtng the reputation of English scientifle chemistry. While, 
er, abstract qocaUons have receiTed able philosophical treatment and 
isitioD, the practical portions of the subject hare not b; on; meaue been 

■ nsglected. The aJticles on Fuel by Dr. Padl, on Metallurgy and on the 
K^emistry of Geology, by the same author; thnt on Gunpowder by the 
K«ditari also thnt on capper, in which the results obtained by Abel and 

■ X'tBUl are embodied ; with many others which it is unnecessary to particu- 
BJarisB, a!l show that the work has for its object a combination of IJie 
* theoretical with the practical. Neither have phj-sics been neglected. No 
Pvork on chemistry could be considered eompletB without the embodiment 
Kftf 1^8 principles of beat, light, and electricity, inseparably connected as 
vthey are with chemicBiI action ; and all of these hare received full and able 
treatment. Crystallography, a confessadlj difficult and unpalatable sub- 
I ject, is brought forward in an escellent aWlcle by the editor who haa been 

}, a large contributor of other valuable articles, 
A most excellent feature of the book is the large nnmbe b graph a 

8 which it cont^na ; on every page they may b nd, whereby 

) opportunity is afforded to the reader for consu ing h nginal 

It would seeiQ at first sight that the alphabetical arm g m n f 
tUctioluiry woold render unnecessary an index. Neverth xpen n 

fteppDsed to this view as f;^r as regards a dictionary of essays, however true 
" a mere dictionary of words. It often happens that in a long 
lliBticiB questions are introduced which are not indiou.tfld by the mere alpha- 
l^etical title, and which can be found with convenience only by a copious 
Tindei referring to the page of the book. Such an index is accordingly 
■'appended to the end of each of Iheae volumes, and each is very fiilly and 
lefully compiled. 
I Without denying that the work haa some faults, it may be Gonaciontioasly 
»ted that it is the best and most advanced work of the kind extant in 
England. In it may be found the essonce and pith of the great English 
Utl works, inelnding Ghelim's noted Handbook of Ctenmfry, 
Gbeh»biit'9 ChimU organiqia, Rose's Traili ^Analyet, and others equaJIy 
oelebtAted, as well as the results of the labours of Xjebio, Hof»a»h, F&Am- 
lisn, WiLLiiJisoN, Om-Tsa, and others, the matter being at the same time 
_rnia f judicioualj arranged and cleverly condensed. 

Hl TUt. 'Vfi.TTB brings to hear on bis great task the natural qtuilities and 
^Bperience which precisely fit bim for its satisfactory performance. He is 
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the translator of Gmelin's great work, and has for some years been the 
editor of the Journal of the Chemical Society, Thus he has ei^oyed the 
best possible opportunities of keeping himself informed as to the progress 
of chemical science and literature. 

The imitary system of notation, the centigrade thermometric scale, and 
the metric system of weights and measures, are employed throughout the 
work ; while the editor, with a careful forethought for which many readers 
will be gratef^ has given, in addition to the unitaiy formule, the dualistic, 
or old expressions, for the conyenience of those who are not versed in the new 
system. This has been done more particularly in the case of those articles 
which the manufacturer and general reader are most likely to consult. 
The dictionary is one which neither the student nor the manufacturer can 
well dispense with. • 

We cannot conclude our brief and cursory notice of this comprehensive 
work without paying a well-deserved tribute to the excellent manner in 
which the publishers have done their part. The type is clear and legible, 
the paper is good, and the printing well done. The illustrations are few, 
but well executed, and no attempt is made, either by their repetition or by 
any other means, to make a ' big ' book. On the contrary, it has evidently 
been the constant endeavour of all parties concerned to condense and con- 
tract the size of the book, as long as this could be done without impairing 
or endangering its completeness. 
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ThB Bea and it* Living Woaderi. Bj the same Aathor. Third 

(EcKliahl Edition. Svo, with many Illuitnitiona, !U, 
Tha Troploal World, Bt the same Author. With 8 CbromoxTlo- 

grapha and 172 Woodcuts'. Svo. His. 
The POLAB WOBLB ; n Popnliir Accnuct of Nature and Man in the 




SSW WORKS vmOMEMD BT LOIfQUANS A! 



i. CODHOUl, MJ). 

ir Popular Diclionary of the Vegetable 

, „ ., rifBol»nical Tonus. Edited by J.LtNIiLBT, 

F.R.8. ■nd T. MooBE, FX.S. atsiawd bj eminent Contributors. Pp. ],S7*, 
with ai* Woodcut! and id Sttct Plates, a Parla. Tcp. 20j. 
The EIEHENTS of BOTAirr for FAMILIES and SCHOOLS. 
TciHh Edition, ruvised by Tnosiis Moobe. P.L.S. Pep. *Mi !Si Wood- 

Ths KOBE AlUTEOB'S GUIDE. By Thouas ItrvEES. Tot 



ThS BEITIBH FLORA; cotDprismg the Phienoeamoai 
Ptants and tho Perns. By Sir W. J. IIookek, K.H. am 
"no. Witt li Plates. 14s. ur coloured. Bl» 



iwering 

L... ...„ Korn«. Hv (iir W.J. UrifiirEB. K.H. nnd (1. A. \V 

LL.D. 

IiOITDOICB EKCYCLOFJEDIA of FLAHTS; comprisins the Spedlio 
OhuMter, Deacriutioii, Culture, Hintory, &c. of all the Plants found iu 
Great BriUiQ. With upwards of 12,000 Woodcuts. 8vo. *2j. 
London'* Enc7clopBdia ot Treei asd ShTtibB ; containing the Hardy 
Tieea and Shrubs of Great Britain BCientillcally and popularly described. 
With a,000 Woodcuti. 8vo. 5(li. 
SUmlDEB'S BCIEirnFIC and LITEBAfiT TBEABTJET. 



^-.S^a^^K" 






bj J. y.JonisaoN, Corr. M.Z.8. Po 
A DICnOKABT of BCIEITCE, LITEBATItBE, and AST. Fonrtli 

Edition, re-edited by W. T. Bkahdb (the Autborl , and GbqrQB W. Cdi, M.A. 

aafliiited by cDiitributorv of aminent ScientiQo and Literary Acquirements. 

3 vols, toediuul B«o. price 83j. cloth. 
I88ATS horn the EDIRBimOH and QUAHIEELT REVIEWS. 

~ "iir J. P, W. IlKHBcnEL, Bart. MA. 8vo. IBs, 



Chemistry, Medicine, Surgery, and the 
I Sciences. 



X SICnOHABT ol CHEHISTBT i 

Boiencesi fou"il™l •"• ihni, nf thn lai. 
MBiflted by e 



id the AUreil Branches of other 



I 



I. £3. 



L PffTBlCf 



PiEI IL 



Loiiil_... _ .... _ ...._. 

iMORQUtlC CbEHIB'CBT, SI/'. I'ABT 111. OBQINICI C 

i. HANITAL ol CHEKISTRT, Dt^btripliTo and ThcoreCicgJ. By 

WiiiiAU Odliso. M.B. F.R.S. Pakt I. 3vo. Bs. Paet ll.jusi rwady. 
A CoDTM of FranticiU QLsmlitry, for the use of Medical Stadoms. 

Iljth?«imB Author. Sew Eilitlan, willi 7I) Woodcuts. Crown 8»o. 7*. W. 
Ltctarea DtL Animftl Chemi>ti7, delivered atthe Royal College of Phj. 

siclBnii in IBOS. B; tl]« Bimc Author. Cfovra»vo.H.<Sd, 
HANDBOOK of OEEHIOAIi ANALTSIS, adapted to [he U.iitabt 

S^lan or NotiLtlan. By F. T. Cobinuton. M.^. F.C.S. Foil Svu, U. ed. 

— ComsoTOB'a liiJiatnf Qiiofiiaiim JjinZtaiB.priceS^.ed, 
The SIAOVOBIB, rATEOIODT, and TBEATUEHT of DI8EA8X8 

I't Womoii! including the JNunoBiH or Prrmuncv, Hv QEirt-T Bawiir, 

UJ). Second HdlHon. enlargS i with IW Wuodcul lUiiBlrations. Bvo. t*i. 

LSCTimES on the DISZA8ES of nTTAItCY and CEILDEOOD. Bj 

Cqaslib West, M.D. Ac. Fiftli Edition, rFrI««l Bud cnlnrgrd. Sio. ie>. 
XXFOSITIOH of the 8I0KS and STHPTOHE of PBEGnABCT : 

with othar Papers on aubjecta connoctcd with Mldiri^ry. Bj W. P. 

UosTUOiLEET, M.A. M.D. lH.a.[A. Svu.wlth lUuatrntiona. £D>. 
A SYSTEM of SUB0EB7, Throrelical and Practical. In Treatiael 

by Varioua Authors. Editmi Uy T.HoiMBg. M.l. Cantab. AuiMiint-Suiiteoii 

toSt. Goorgu'aHog[)itnI. Ivola.Svo. Hiiai. 

Tol. I. Oeustal Fftthology. Sli. 

Vol, H. Local I^jnrloB; Gunshot Wounds, Ininries of (he Head, 

Kstk, Pbpo, Ni-ek, Ohcst, AbdoiiiMi, Pi'lviK, of the i;npcr and I.flffBr E»- 

tremitii^s. >ndDtd«Ac?»ortheEyG. in. 
Tol, m. Operative Snrgery. DlMaiei of tha Orgaug of Cironla- 



s WiTBOS, M.D. X«v Edition in prcijaration. 
lEOTDBEB onSUaGICAI PATHOLOGY, By J. Paobt, P.B 



V. Tdbb 



1. M.B. 



w Editi. 



A TREATISE on the CONTHnjED FETEBS of QBEAT BBITAIIT. 

Bj C. MiTROitiBOM, M.D. Svo. with colouml Plains, IB*. 
AITATOKT, DEflCBIPTIVE and BUBOICAL. By Hbnht Qut, 

P.fi.B. With -HO Wood Eii(tr»»ings from Dissoctiona. Fourth Edition, hi 
T. Holmes, M.A. Cantah, Royal Svo. as*. 
OTITIIHES of PHYSIOLOGY, Murnnn and CompHrative. By Jobs 
MiSSHALL. F-E-C-S. Suremn to tha Uniiersity College Hoajiilal. B tqIb. 
., ._,.,. ■— WoodtutB. S2*, 



<3 Woodonta, £( 



with an ^ 



NHW VOB,KS 



_. VolU. _ . ___. 

Vol. I. Now Editloo by Dr, Liobel S. Bbale, F^S. ii 
dtlOD ! PiBi I. with 8 Slates, J». ed. 

HISTOLOGICAL DEHORSTBATIOIia 

the McdliAl anil VeterinHry Prareaituiis. B; G, Habt.bi. k.U. and G. T. 

Ubdwn. M.R.C.V.B. Post Svo. with £23 We(idout», price l£t. 
COFL&BD'S DIOnOTTASY of PE&CIICAL MEOICIRE, abridged 

from thB largur work and throughout brought down to the present ainie 

of UedloJ fideace. B>o. SUi. 
ThB WOBES of SIB B. C. BBODIE, Sart. collected and arrnnf^ed 

by CauuEB ELin-EiSG, F.R.O.S.Q. 3 vols. Svo. with Medallion and fac- 

ifmUe, 4gs. 

TlieTOZICOLOGIST'B OtJIDE: & Ne«- Maoaal on Poiwns, giving the 

olherwisp). By JonH HoBBiay, F.C.S. AualjtlcalCliBniiit. Post §» o. S». «d. 

A KAinjAI at UATHBIA KZIIICA and THEBAPEUTICS, abridged 

rmm Dr, PESEiKi'BE;e«eB?ihyr.J,FABRE,M.D,aEslBtedliyB.BBKiLBT, 
M.B.C.8. and by R. Waeikoiob, F.H.S. 8vo. with oa ■Woodoutu, ai». 



aTHIIASTB aad 6TKKABTIGB. By Joi 

hasm of Gymuiuitici. Comm. Coll. B,ippDnd 
amieulRJSnl, with 13G Woedcuta. CraiviiSvi 



The Fine Arts, and Illustrated Editions. 



BAIF-HOIFB LECTUBEB d 

HiiBund Onmmental Arts, 
by the inthor -, with fill W™ 



L IKTBODirCTIOK t 

fiaOKi.. Withnomon 



the STIJSY of BATIOHAL HIIBIO ; cam- 
Hurmlar Sdiieh, TradiiionH, and OuBtoms. By Cau, 
IB Muaical Spci'imena. 8vo. I6e. 



J^SCTUBES OQ the HIBTOBT of MODEBH HUBIC, delivered at the 
R..yal Instittilioii. By Jons llvLLin. Firbt Codbsb. with Chro- 
■■uli«iQal Tahlea. poet Svo. 09, Bd, Sbcokd COCBIB, on the Transition 

9IZ LECTUBEB on R&BUOITT, delivered at tfae Rojal Iniititiition 

of Gn»t Britain in the Tear 1KBT. By 0. A. Uactisbbh. VitV 

ruua ongiared Musieal Eumplei and B] * ..... 




MKW WDOKfi 



I LOMGUAKS ATD CO. 



.h Sao Woodcuts. S*o.S]». 



IhBSWoiidcuts. Crown 8to. Wj. M. 
Cbamioal, Hatnral, and ?1i;sica1 Hagio, Tor JaTcnilos daring ths 

Holidvs- Bythosams Author. ThirdBditlnn.vithSS'WaiKloiitB. Pcp.Bi. 
LOTIIION'B EHGTCLOFflllA of AGBICHLTITBE : compn'sing the 

Layinjc-out, Iniprovemynt. mud MuniigBmQnt uf Liicded Property, and Iho 

Culllvittion &nd Ecoiioiuy of tbu I'roductlonH oT Agriculture. With I.IIW 

WoodPuM. Svo. 3H. 8d. 
London'! Ena;lop«dla of Gardening : compriaiog (ho Thcorj and 



B&TLDON'S AST of VALVISO BEKTS and TILLA.OZB, and Claims 
of Temnts upon QuitHng pBriin, both Ht MlthaolniM aod Iddj-Dn. 
Eighth Bdilion, revised by J.C. Mobtor. 8vo. in*. Orf. 



Religious and Moral Works. ^H 

As EZPOSinOIT of tlie 39 ARTICLES, Historical and BoetrinaL 

By E. Haholu Beowmb. D.D, Lord Biahop of Ely. Berenth Edit. gvo. ia«. 
The ACTB of the APOSTLES; vith a Commentary, nnd Practical and 

Dsvotlonnl Suincstions for Readera mtid Studeuta of ths English Bible. £7 

Hie KoY. F. C. Cook, M.A. Csuon ot Eiotur. it New Edition. 8vo. la*. */. 
Itie LIFE and EFIBTLE8 of BT. PAUL, By W. J. Cortbbabe, 

W.A. late Fellow uf Triu. Coll.Canlab, and tho Very U-v. J. S. nowaon. D.D. 

Dean of Chcstir. 
LiBSiBT Editioh. with all tho Original lllnatratlDiiB, Maps, Landanpoi 

on Stiel, WoodcutB, to. i rols. 4to. Vui. 

iBTBBJIHDIiTaBDiTioir, with a BolcctiOB of Mapi. PlalcB.andWoodmti. 

E iota, squars crown Sro. 31>. id. 
People's Edttioh. revised and eondonsed. with M Illnttratlani and 

Hapa. 2 vohkorown Std. ISj. 
The VOTABE and BHIPWEBCK of BT. PA17I j with Disaerlation. 

on the Lift, and Writlnca of St. Luko and tho Shtna and Nsyiirotion of II10 

Ancients. By Jambs Suilil, Y.B.9,. Third Edition. Crown 8td. Va. e-i. 

SVIOERCE of the TBUTE of tho CHBISTIAH BELICilOS' derivsd 
thirTi the Literal ruiniraonl of Prophepy. By Aiesaspbb KEith. D D. 
S7th Edition, nith numerous Pliitee, in square Kvd. IE9. ed. ; :iI<kj tho SDth 
EUition, in post 8vo. with 6 Plaloa, 61 

The HI8T0BT and DEBTIirT of ths WOBLD and of the CHimCH. 
accordiDK to Scripture Hj th« same Author. Square Sva. with U 
lllHalratlons, IM, 




NBW W0EK8 



CO. 



M 



A CRITICAL and G&AIOUTICAL C9UKENTABY on ST. PAUL'S 

Epistlca. By U. J. Ellicoit, U.D. Lord Bialiop at Glouctalcr and BriatoL flvo. 
BalatianB, Third Edition, 8s. 6d. 
XphesiBiu, Fourlh. Edilion, Ss. 6d, 
Paatoral Epietlea, Third Edition, IDs. 6d. 
Fhilippians, Calassiann, and Philemon, Tbird Edition, IDi. 6d. 
ThesBalanians, Third Edition, 7s. Sd, 



Aa IBTEOSTICXIOR t 

Critical, EiGgelica], i 
LL.D StuIs.-to. 



I tho CEITICAL SinDT 



BST. Ti H. Eome'B ConipGadloQi IntrodnctiDn to the Stndy of the 
Bible, boLng an Aualyaia or Hhe laroer work bythe same Author. BenTdited 
br the Bev. Jobs Atub, MA. With Uapa, ic Post Svo. Bs. 



I 



MXProf. oTHcb; 

Slw TBEASTTST of BIBLE KNOWLEDGE ; being a Dictjonacy of the 
BaakB, Penana. Plaoea, Erents, snd other mat tern of irhlcb mention is made 
ill Holy Scrlpturo. fiv Bev. J. Alas, M.A. With Haps, IB PbiMs. sod 
Dumeniiis Woudl'^t1. Fcp. IO5.&J. 



The QBEEK TEBTAMEKT; 1 



TheFElITATEDCHandBOOKofJOSHUACBITICALLTEZAinifED. 

By tho Right Kcv. J. W. CoiKNBO. D.n. Lord Bisliop gt Nalsl. Peu|iJe's 
Bditiun, in 1 vol. urown Svo. M. or in B Prwta, 1». each. 

The CHUBCS and the WOBLD : Essajs on QueBtiuns of the Dsj. 
By Variom Writers. Edited b* the Bov. Oasr Bhipley, M.a. Fibst 
Bhbiei, Ihird lildition, 6va. IBs. Secomu Eiuisa, Svo. lU. Tiiisn Sbsies 
prepailog lor pubUisition. 



I 



o BY LONGMANS X 



Ibjtliffl __ „. 

fcri'p(Hro(, M. II. pMrffoW™. M. 111. Tht Srwa 
fflAui. K.Ki. IV. XiraclKMaHdPrai/n-.llS. V. The Seal Pni 

VI. CwniUm, U. VU. VnctU)n<ifthe -- "' " 

ihip, ad. IX. Popular Eationatiim, 3d. 



"dl 



T1i« FOBKATION of OHBISimDOH. 



Tht Bult nf War- 

pAET I By T. W. Aujub, 



ChrUMadDin'i Dlvuioni, Pari 

tory of llieir Dim.'n»ioii» and Oi 
By tliB same iutlior. Post 8vo. 

The HIDDEN WISDOM of 0HBI3T and the E£T of ENOWLEDOE; 

or, History cT the Apwrypha. By Ernbst Db Bcnbeh. £ rola. 8vo. iSt. 
The KEYB of ST. PETEB ; or, the Bousn of Rechab, conneciea w[|h 



,c,rsyml 



d Idoli 



ESBATS 

The TEHPOEAL MISSION of ths HOLT OHOBT \ or, Reason uid 

Eei-clatioii. By ArrlibinLop Massibo. DJ). Becond.Bdit. Cr.STO. B».M. 

ENGLAND and CHRISTENDOM. By the same Author. Post Bvo. 

BSBATB and KETIEWS. Bj the Rev. W. Tehplb. D.D. the Rer. 
a. WiLitAKS. B.D. the E*Y. B. PowFi.L, M.A. tha n«T. II. B. 'WjiboN. 
B.D. C. W. GooDwiK, M.A. tho Bav. M. Pattisok, B.D. and the Eev. B. 
JOWETT. M.A. T wci ft h Edition. Ftp. 8vo. M. 



FASSIira THOnOHTS 

AuHiorofAroyHorbBH 
BeU-EzaminatiaiL before Conficmatiou. Bj the lame Anthor. SSino. 







The VIFS'S M&KUAl:! 

Oo^BSions of a. M&troa's Li 

' BPIBITUAL SOireS' foe the SUNDATS and H0LIDAT8 tluonKh- 
ilthnYBBr. By J.S.B.MONaBlL, LL.D. Vicar of Ejfham and Rural Doaii. 

Tha BeatitiideB : Abasement before God ; Sorrow far Sin ; Meekness 

of Bpirlt; Desire for ITolinessi Geutloneaa; FuriU of Heart; tlie Fi 

■ - ™ - - - .. --- ihirdEditi 



LTSA DOMEBTICA; Christian Songs for Domeatic Edification. 
Tpa-slated rrom the Psalleiy and Sarp of C. J. P. SpiTIi, and from othnr 
ies.hy EicniBD JliBSiE. FiBSi and SkOosd SKHiBB.ftp.M.M. eoolj. 



LTKA BACKA; Hymns, Ancient and Modem, Odea and Fragmcnta 
of Sacred Poetiy. Edited by Che Rev. B.W. BiTlLK, M.A, Third Edition, 
flalargud and improved. Fcp. 5i. 

LTBA GEBHANICA, translated Irani the Qemian hj Miss C. Wink- 
WOBTH. Fuifli Bbbies, Hjtntia for the Sundaja and Clitet Foatisabi 
Second SsBisa, tho Christian Life. Fcp. 3j. (kf. each gBSiBS. 

LYBA EITCHABIBIICA ; Hjmns and Verses on the H0I7 Communion, 
Ancient and Modifrn: with other Poems. Editedb; the Rev. Ouni Bhif- 
IBi, MJ. Second Edition. Fcp. 7t. ed. 

Lyra KeBsianica; Hymns and Verses o 
and Modvrni with other Poemn, By th( 
altered and enlarged. Fcp.Ts.eii, 

1 Sacred Subjects, Anciei 



ZBDEAVOnSS after the CHBISTIAN LIFE : 

Jaubk MABiiSEAr. Fourth and cheaper Edition, ca 
Two SL-riBB complete in One Volume. Post B»o. 7j. Hd. 



IBTBODUCXOBT LESSONS 

Worahipi bring a Si;quel to tin- 'Leasi 
B,IcaiED Wh.itely, D.D. Now Edition. 



the Christian Evidsnces. 
the HI8I0BY of BELIQIOUS 



BISHOP JEBEKT TATLOB'S ENTIBE WOBES. Wiih Life hj 
Bishop Hbdbh. K«vi»ed and corrected by the Key, C. P. Edbh, 10 td1«. 
price £S 6j. 




Voyages, &c. 



The HOBTH-'VEGT PEnKBIFLA of ICELAND ; being the Joomal 
rifnToiirtn lc«lBddin tlie Siiramfr of 1M2. Uy C. W. Shephbed, MA 
F.Z.S, Willi u Ma|. and Two IliuBtrationa. Pcii. Svo. 7>. Od. 

FICIUaES in TYEOL and Eliewhere. 
Itv tlic Authurwa or -A Vi.jast' L'Ii ZiB'.ae 

HOW WE SPENT the SDHHEE; or, a Voyage en Zigeng in Swilzer- 
IniidODd Tyrol wlLh nomeMcmbcraDr tha AlfihbOlub. From the Skotcb- 
Bookuf una of thn Puty. In Dblun^ tta. withSOOlUuitrEtioDB, lU. 

BZATEH TBAOKB; ur, P«n nnd PencU Sketches in Italj. Ujthe 
Authoress of ' A Voyigo en Ziifiag." With 4Z Plntus, contaluiiiB about 10« 
Skelchm Frum JJrawliiKi) muda on tha Spot. Bvo. lOi. 

MAP of the CHAin of KOIfT BLANC, IVom au acmal Surrey la 
IHS3— 18M. By A. ADiHg-RBiLLY, F.B.a.g. M.A.C, Published under Uie 
Autbnrity of thu Alplixi' Club. In Uhromoltthogrftphy ou eitra tioni 
drawiui;-pa^ lUiii, k I7[u. price lOf. or uountad on mnvaa iu a folding 

mSTOBT of SI8C0TEBT in our AUSTBALABIAN COLONIBB, 

AuaLrBlis, Tb^iohoIk. and New Stcaland, from thn Burliest Uste to the 

PreMUDliuj'. By WiLLiiu Uowin, Svola. Svg.wKh aMnpB.BIW. 
Th» CAPITAL of the TYCOON ; a Narrative or a Three Years' Best- 
dunce in Japnn. Bv Sir KiTIneBPOSD Alcoce, K.C.Il. 2 vols. 810. with 

numerous Uluitrations. iii. 
IXOfiEHCB, the HEW CAPITAL Of ITALY. ByCR-Wbld. With 

euvcral Wuadi^uts fmiu UtawioKs by the Author. Pu9t Svo. las. Uii. 
The nOLOUITB MOUNTAINS ; Excnrsiana through Tyrol, Cariatbio, 

Carulola, and Frluli, ISdl-IBoa. By J. GlLDEBT and O. C. CBCBCBIUi. 

F.R.Q.B. WithuumeroiuUluBlratiouK. Square crown Svo. 2 li. 
A LAST'S TOUB BOITND HONTE B08A; iitoluding VisiU to the 

Italian Valleys. With Map aud Llustrallous, Port Svo, !*•. 
GUISE to the PYBENBBB, for the use of MonntaiDeers. By 

CUABLES PICEE. Sd Editiau, wlDbMap and llliMtratloni. Cr. Svo. Ti.Gd. 
The ALPINE GUIDE. By John Ball, M.H.I.A. late President o( 

Iho Alpine Club, Po9t Svn. with Map! and other Iltuitratious. 
Onide to the Eastern. AIpi, nearly ready. 

Ottide to the Weatera Alpa, including Mont Blanc, Monte Rou, 

Zenuatt, Ac. 1t.m. 
Qnide to the Oberland and all Switzerland, excepting; the Noighboor- 

hoad of Hontc Bosa and tho Gnat El. Bernard \ with Lombsidy and Iha 

adiainiag portion of Tyrol. 7>. eij. 
NABBATITEB of SHIPWBECES of the BOTAL NATT between 17S! 

and IBST, compilKd From UlRbiil Documents in tbo AdmuaJty by W. a B. 

GiLLii withsPrBftcebyW.S.GjLLi.D.D, Third Edition. "- -- 



NBW WOBES VUBLiSBXD BT LONOHANS Ann CO. It 

lie AECH of TITTTS and the SPOILS of the TEMPIE; an His- 
■pal anil Critiral Lcfaure, with authentic: llliistrationa. By Wirj,IJ« 
[liHT.M.i. WithlOWoodcutsfrom Aaoipnt Hemaiiis. 1 to. ids. 

EE at the LAND'S END. By J. T. Blicht ; aasisted by E. 

H. EdDD, R. Q. Couch, and J. Bau9. With Mnp and E>6 Woodcuts. Fcp. 

price 6ii. ad. 

OnBIOSIirES of LONDON; exblbitiagthemnst Rare and Remarkable 

— ■icta of Interest in Hio_jretroi»li^3j^ with nenH j^ Sltty^Yews^ Persoiiil 

edrsmwith^oM 



r Joira Trass, P.si. Ntw Ertiti 






TISITS to BEMABEABLE PLACES : Old Halls, Battle-Fields, tmd 
Scenes lUnstratice oF Striking Paaaaeeg in Baglish HlBtorr knd Poetr;. 
By W rT.T.Tui HowiTT. 2 vols, square crown 8to. with Woodcuta, aw. 

The aiTBAL LIFE of ENGLAND. Bj the same AQthor. With 
Woodouta by Bawlck and Willianis. Medium Svo, IZi, Ed. 



Works of Fiction. 

TheWABDENi a Novel . By AHiBOirrTBOLLora. CrownSvo. 2s.e<I. 

BBicheiter Towera ; a Sequel to ■ The Warden.' By the misb 
EFBINGDALE ABBET: Extrants from the Letters of an English 

PRBICHSK. avo. 12*. 

BTOBIES and TALES hj Elizabeth M. Sewell, Author nf ' Amy 
Herbert' uniform Edition, each Tale or Story complete (u a single Volume. 
Aht Hesb^et, Sa.ed. I Irons, 3s. M, 

QHRTttCDK, as. fid. I KiTHAKiae AaanHT, 3». M. 

Eabl'9 Dauohtek, Si. id. Hahoabet Percival, u, 

BSPKRIEKCF OF LlFH, ij. M. LahBTOH PAEBOSAeB, U. M, 

Cuiva HAU.,3j.(!d. I UE5DiA,*i.«d. 

X Ollmpse of the World. By the Author of 'Amy Herbert' Fop. 7». 6d, 
The jDnmal of a Home Life, By the tame Author, Post fivo. 9i. 6d. 
.After life ; a Stquiil to ' The Journal of a Home Life.' 



lulhor. PoE,l 



By the aame 
', Roman Scenes of the Time of Angnetui ; 



BECESB'S BALinS; o 

with NolBB and Eirursi 
BECEEB'S CHABICLES; aTaleillnstrative ofPriTBteLifeamong the 

Andent Gretks ! with Notes and Biaorsases. New Edition. Pos18to.7».W 



NEW WORKS 



I LON'GUAKS A 



KOVEI 

Tbi OladUtori: 
Bigby Grand, ai 
Kate CoTentry, a 
Otneral Bounce, 
Halmb7 Hause, 



S and TALES by G. J.Wjii-ri! Mblyili^:- 
A Tela of Homo and 3m]aa. Crown 8» 
Aulobiography. Crown Svo. 5*. 
1 Autobiography. Crown Sro. St, 
IT the Ladj and the Locustt. Crown $vo. 
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the Use of the Gun, Dog-breaking. Pigeon>shooting, &c. By Markskav. 
Revised Edition. Fcp. 8vo. with Hates, 68, 
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A ItAiniAl for NATAL CADETS. By J. M'Nbu, Botd, kte Cap- 
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Acta of Pari UiDinl. icp.it. 

Tlie OABUTET LAWTEB ; a Popular Digest of the Iaw> of Englalj 
Civil. Crlmlnil. and ConMilutional. Twenty-tliinl Edition, bro— ^' '- 
to tbecloMDrtboPBrlimauinUry BeulouuriBOr. Fcp, lOi. Od. 



conduoii. ., 

1. M,D. Elovi 

ennrKua: wiin ilS Woudcuti. Hva.Ta.ScJ. 

EIHTS to HOTEEEB on the HAITAOEHEUT of their HEAI,4 

during the Period or Prcpiancy and in the Lyim ' ~ " 

M.D. FCP.M. 



The LAW SELATIITG to 

PnutloHl Okwrntiona on 

Form of Rules and Fnru 

Beoond Edition. Fcp.3«, i 

ITOTES 



BENEFIT BirilSIIIO BOCIETISB: 

he Act anil all the Casea decided thereon : & 
s of Mortgagoa. By W. TiDD Fhatt, Barrf 



a EOSFITAIB. By Florbncs Niohtihoalh. Third 1 
Huu.unlargodi with 13 Plans. PoatMo.lM. 

COULTHABTB DECIUAL IHTEBEST TABLEB at 24 Different B 
not nirncdiiiK liner Ceut. Calculnted fortbe usii of Hnnkfrs. TowhicL. 
added CoiniHlibfou Tablea at Oiirs-Eigltb and Ono-Fourlh por Cent, ( 
prta. ibj. 

■AirNDEB'B TBEASITBT of KROWLEDOE and LH 

RoFercnce; raniprleinK an EuElinb Dictio]iary aud Qrammu', Univa 
GaiBttnar. Clasaliail DictionBiy, ChronolMO'. Law Dictionary, a " 
of tho Peerage, uaoftilTable\ in. EevlBeflEdttiQu. Fcp. 10»,8o 



to NEW WOUKS 



T LOSGMiSS ISD CO. 













tt thttTi^mm. ■' W 

i!nwTkn«M.i>r>C«u>irfFu«ii.... i 

^:^^'^;ia-d;;-i>iiV:;:::::::::: » 



— 8h ua «• ^j^ 'Wu 



ui from tjw E4I 
a J tlnlLrttrl) Hwh 



— UtbrnrGnnmu. -,.'--.. 
M FvlilawBl or Prophecy .. , 











I: ... Mi 


iiissss"^-- 




OrisLii.L D«itin lot Wood C»rrtiw IT 


:=Jffl«6iiiiiais:;:::; S 


— ""■^^'^H^rzsilj^ » 


||S.KSKSfc"-ai'-«: ,; 






=«!S'Sil" S 










P™..rT'.DMT« a^EntlWl B™1!bi ^ 
















?.3E?:£i^-::::::: S 




jJSS.njiiibSvKiiiai;::::::: i 




-|tiSJ';?iXt'..-Aai^i-:: t 


'^^'m'.Fi.^p.iL^ilhi.M^:^.. !l 




-^.t.5r^!^^-:;::::::::;:::::::;: ?! 


p2w|PSSi.;:-:i j 


■■^■•S1Xi"pW=E?p;?^. ::::;:::: S 


=iSs»s;^-;"-: S 


ilZ-i lM.i.i"ci!i™i"*ftim"»'<i™m 










(K. 0.1 Lllmlur. ot H^ai 








nt-i Lmunmic tod mM»m™ ur Qimh j 






S;ISi""S"=-- 5 





8S 



NEW WORKS PUBiiBHED BY LONGMANS awd CO. 



8bwbju.'s ReadiniEifor Confirmation. 
-Keadinc* for T^nt 



-Talea and Stories. 
-Unula 



Shaw's Work on Wine 

Srbpbbiid's Iceland 

SairLiy's Church and th** World 
Tracts for the Dajr .... 



Short Whist 

SaoRT's Church History 

Smith's (Sootnwood) Philosophy of Heslth 

(J.) Paul'* Voyoi^e and bhipwreclc. . 

(Q.) Kine David 

. Wesleyan Methodism 



• CStdkst) Miscellaneous Works 

Moral Philosophy 

.WJtandWiHdom. 



Smith on Cavalry Drill and BlaticDuvres. 

Soutbet's f Doctor) 

Poetical Works 



Sprinffdale Abbey 

Stanley's History of British Birds 

SraaBiNo'* Analysis of Mii.l'> I^offic 

Btbpbbn's Essays in Ecclesiastical Bio- 
graphy 

.^— — I^cturvson History of France.. 

Sttrlino's Secret of IleRcl 

ST«f(SHEMOK on the Dog 

on tlie Greyhound 



SO 
20 
23 
23 

28 

22 

19 

80 

28 

3 

28 

18 

It) 

4 

8 

8 

9 

2fi 

7 

24 

23 

12 

6 



9 
2H 
27 
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